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SUMMARY 


R«.'fueling  operations  in  the  Arctic  region  must  be  conducted  at  tempera- 
tures as  lov;  as  -70°F.  A critical  need  exists  for  fuel  resistant  elastomers 
that  could  be  utilized  for  fuel  hoses  at  such  temperatures.  This  work  was 
directed  toward  providing  such  a hose. 

The  elastomer  chosen  for  this  study  was  a modified  phosphonitrilic 
fluoroelastom.er  (PNF^).  PNT^  utilized  in  an  earlier  contract  (No.  DAAK02- 
75-C-0464)  nroduced  hose  ca cable  of  use  at  about  -45'’F.  This  program  was 
an  attempt  to  lower  that  use  temperature  dov'n  to  -70°F. 

The  initial  phase  of  this  investigation  was  a compounding  study  to 
develop  processible  compounds  which  could  be  fabricated  into  collapsible 
and  suction  type  hoses.  It  was  shovm  that  several  formulations  of  the 
modified  PNF^  provided  adequate  processibility.  However,  the  good  low 
temperature  serviceability  constraint  severely  limited  the  number  of 
reinforcing  agents.  Only  relatively  large  particle  size  blacks  such  as 
FEF  v;ould  provide  both  good  processibility  and  low  temperature  flexibility. 

Using  an  FEF  black  compound,  it  was  demonstrated  that  large  lengths  of 
both  collapsible  and  suction  hoses  could  be  manufactured.  These  hoses 
showed  good  flexibility  at  -70'^F.  Furthermore,  the  hoses  possessed  very 
good  dimensional  stability  and  physical  strength.  Father  low  tensile  and 
tear  strengths  were  the  major  deficiencies  of  these  hoses.  Low  adhesions 
of  tube  and  cover  to  inner  plies  were  caused  primarily  by  the  low  tear 
strength. 

All  trial  hoses  shovred  good  fuel  resistance.  The  final,  large  lengths 
of  hose  showed  adequate  volume  swells  but  high  levels  of  residue  from  the 


existent  gum  test.  However,  it  appears  that  considerable  amounts  of  fuel 
components  were  present  in  the  residue  along  with  some  low  molecular  weight 
PNF^. 


It  can  be  concluded  that  the  modified  can  be  utilized  to  produce 

Arctic  fuel  hose  with  utility  at  -70'^F.  Future  studies  should  be  directed 
toward  improving  tensile  and  tear  strengths  and  eliminating  any  low 
molecular  weight  material  in  the  polymer. 
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INTRODUCTION 


The  goal  of  this  work  was  to  utilize  phosphonitrilic  fluoroelastomer 
(PNF”')  to  produce  fuel  resistant  hose  which  would  be  serviceable  in  extrefne 
cold  environments  (-70”F).  Such  hose  would  satisfy  the  Army's  requirements 
for  refueling  operations  in  the  Arctic  region. 

The  U.  S.  Army  Mobility  Equipment  Research  and  Development  Center 
sponsored  earlier  work  in  this  area  (Contract  No.  DAAK02-73-C-0464;  6/73- 
12/73).  In  these  prior  studies  at  the  Firestone  Central  Research 
Laboratories,  it  was  shown  that  fuel  hoses  could  be  fabricated  from 
phosphonitrilic  fluoroelastomers.  However,  a rra^'or  deficiency  of  the 
hose  was  poor  low  temperature  flexibility  (relative  to  the  desired  goals). 

A Gehrran  T^  value  of  -42°F,  a torsional  stiffness  ratio  at  -70”F  of  20  and 
a cold  tension  recovery  at  -70°F  of  10^  were  obtained  on  stock  used  in  the 
hose  building. 

Since  the  above  described  work  in  1973,  a modified  phosphonitrilic 
fluoroelastomer  (PNP’^)  exhibiting  improved  low  temnerature  flexibility 
v/as  developed  at  the  Firestone  Central  Research  laboratories.  The  present 
contract  utilizes  this  modified  PNF^  and  is  a development  study  directed 
toward  fabrication  of  Arctic  fuel  hose. 

The  program  followed  in  the  present  study  can  be  divided  into  three 
major  carts: 

1.  Development  of  proccssible  compounds. 

2.  Development  of  all  techniques  for  satisfactory  manufacture  of  hoses. 

3.  Production  of  fuel  hose, 
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1.  Polymer 

The  polymers  utilized  in  these  investigations  are  modified  phosohoni- 
trilic  fluoroelastomers  (PN?^).  The  improved  low  temperature  flexibility 
of  the  modified  was  realized  by  reduction  of  fluorine  content  in  PNF^. 

This  reduction  in  fluorine  content  causes  an  increase  in  volume  swell  in 
hydrocarbon  fuels.  Thus,  the  level  of  fluorine  is  critical  for  main- 
taining a proper  balance  of  low  temperature  flexibility  and  fuel  resistance. 

For  the  bulk  of  the  work  in  this  contract,  a modified  with  a good 

balance  of  low  temperature  flexibility  and  fuel  resistance  was  utilized 
(KI816I).  However,  this  high  DSV  polymer  could  not  be  processed  on  a 
rubber  mill.  Heat  aging  at  reduced  the  "nerve"  of  this  polymer 

and  resulted  in  adequate  processibility. 

Additional  polymer  had  to  be  synthesized  for  the  production  phase  of 
the  contract.  The  polymer  produced  was  too  low  in  fluorine  content  and 
resulted  in  unsatisfactory  fuel  resistance.  However,  earlier  independent 
studies  at  the  Firestone  Central  Research  Laboratories  indicated  that  good 
control  of  the  low  temperature-fuel  resistance  balance  could  be  attained 
through  utilization  of  blends  of  modified  and  unmodified  phosphonitrilic 
fluoroelastomer  (PNF^-200).  This  was  an  important  finding  since  precise 
control  of  the  fluorine  content  in  these  syntheses  has  not  yet  been  worked 
out.  Thus,  after  evaluating  several  blends,  it  was  decided  to  utilize  a 
60:^0  blend  of  modified  RNP®*  to  PNF®"-200.  It  was  also  shown  that  heat 
treatment  of  this  blend  was  unnecessary. 
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These  modified  phosphonitrilic  fluoroelsstorrers  are  characterized  by 


(ca.  -79'’C)  than  the  KiF^-200  (ca.  -6?^C) 


lower  Tg 


2.  General  Approach 


Since  the  modified  pNP^'s  are  inherently  good  lov/  temperature  nolymers 


the  basic  objective  was  to  comcoi:nd  this  polymer  in  order  to  achieve  good 


nrocessibility  and  satisfactory  physical  nrorerties  while  still  maintaining 


the  low  temperature  flexibility.  Particularly  important  in  the  processing 


area  was  to  develop  compounds  which  shov.ed  good  mill  and  calender  release 


Compounds  which  could  be  calendered 


temperature  and  stress-strain  properties  were 


ductions  of  short  lengths  of  hos 


besr  compounds  and  hose  manufacturing 


techniques  found  were  then  to  be  utilized  in  fabrication  of  large  lengths  of 


Compound  Development 


The  initial  stage  of  our  com.roundir.g  studies  \ias  an  attempt  to  find 


stocks  which  processed  adi 


Once  good  processing  was  achieved 


attempts  were  made  at  attaining 


trength 


and  adhesion  to  fabric.  In  th 


3 deemed  necessary  that 


) be  maintained  before  the 


low  temperature  flexibility  (G‘ 


stock  would  be  considered  for  hose  buildi 


Satiefactory  compounds  developed  under  this  contract  were  utilized 


in  building  of  short  lengths  of  hose  by  the  Boston  Industrial  Products 


Division  of  American  Biltrite,  Inc.  (subcontractor).  In  all  of  the  hose 
preparations,  a laminated  calendered  sheet  construction  was  utilized.  Also, 
rayon  was  braided  in  such  a manner  as  to  permit  strike  through  and  knitting 
of  the  rubber  throughout  the  hose.  Both  collapsible  and  suction  type  fuel 
hoses  were  prepared.  Tests  were  run  on  the  completed  hoses  in  order  to 
provide  direction  for  future  manufacturing  efforts. 

5.  Final  Hose  Production 

The  final  hose  building  effort  was  an  attempt  to  prepare  125  feet 
of  collapsible  hose  and  35  feet  of  suction  hose.  The  best  compounds  and 
hose  building  techniques  developed  during  the  contract  were  utilized  in 
this  final  effort.  The  hose  design  was  the  sam.e  as  used  in  trial  runs. 

6.  Experimental  Details 
A.  Instruments 

1.  Laboratory  Rubber  Mills 

a.  2"  X 6",  L.  Albert  and  Son,  Xodel  A-697-+,  capacity: 
ca . 100  g of  F.\F^-LT  stock 

b.  6"  X 12",  Farrel-Birmingham,  Inc.,  Model  44630, 

capacity:  ca.  2 lbs.  of  PNF^-LT  stock 

c.  10"  X 12",  Farrel-Birmingham,  Inc.,  Model  44667, 

capacity:  ca.  5 Ihs.  of  PNF?-LT  stock 

2.  Bmbender  Mixer  — Model  PL-Y150,  C,  V.  Brabender  Instruments, 

Inc.,  capacity:  ca.  120  g of  PNFS-LT  stock 

3.  Banbury  Mixer  — Model  B Banbury,  Farrel-Birmingham,  Inc., 


capacity:  CcO.  1900  g of  PNF*^-LT  stock 


■4 


4.  Laboratory  BTlnnces 

•I.  Srirtorius,  Model  2403  — used  for  weighing  of  curing  agents 
and  pigments  for  small  batches  (-0.01  g) 
b.  Toledo,  Model  3710  — used  for  weighing  of  pigments  for  large 
batches 

5.  Tnstron  Model  No.  1130  — The  Instron  Coro.  — was  used  for  stress- 
strain  measurements.  This  instrument  was  interfaced  with  an  IBM 
1130  Computer  for  computation  of  stress-strain  data 

6.  Shore  Durometer  — Shore  Instrument  and  Mfg.  Co. , Inc. 

7.  Gehman  Torsional  Wire  Aoraratus  — Firestone  instrument  constructed 
according  to  ASTM-D-1053  and  a Wallace  Test  Equipment  instrument 

8.  Compression  Set  Jigs  ^ — 25^  Deflection,  Method  B,  were  constructed 
at  Firestone  according  to  ASTM-D-395 

9.  Forced  Air  Oven  — Blue  M Electric  Co.,  for  heat  caging  of  polymer 

10.  Cold  Tension  Recovery  — The  test  instrument  consisted  of  a 

measuring  board  to  which  are  mounted  several  stretching  devices 
consisting  of  a movable  and  a fixed  clamo.  Lines  are  engraved  on 
the  board  at  intervals  corresnonding  to  each  10?(  stretch,  based  on 
the  length  of  the  snecimen  between  the  1/4  inch  stubs. 

B.  Mixing  Techniques 

Brabender  and  Banbury  Mixes  — A small  amount  of  black  is  added  to  the 
mixer  followed  by  addition  of  the  rolymer.  The  rem-aining  black,  MgO  and 
stabilizer  are  added  in  increments.  The  comround  is  mixed  for  8 to  10 
minutes  and  dumped.  Curing  agent  is  then  added  to  the  nicisterbatch  banded 
on  a warm  (130"F)  mill. 


I 

i 

1 
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C,  Physical  Tost  Methods 

TcvSt  soecimens  were  sheeted  out  on  a rubber  trill  and  press  cured  at 
1000  osi  unless  otherwise  stated.  Tests  were  also  run  on  specinens 
obtained  from  hose  samples. 

1.  Stress-Strain  — ASTM-D-412,  Die  C,  73'’F.  Specimens  were  cut 
from  press-cured  1.5"  x 4"  x 0.040"  or  6"  x 6"  x 0.075"  slabs. 

?.  Shore  "A"  Hardness  — ASTM-D-2240,  tests  made  on  sm^ll  cylinder 
(0.25"  h X 0.53"  d) 

3-  Compression  Set  — ASTM-D-395»  Method  3,  253^  Deflection,  press 
cured  cylinder.  Low  temperature  tests  — ASTH-D-1229,  same 
sample  and  conditions. 

4.  Gehman  Low  Temperature  Measurements  — ASTM-D-1053.  Soecimen 
1.5"  X 0.125"  was  cut  either  from  n hose  sample  or  a oress 
cured  6"  x 3"  x 0.075"  slab.  An  IBM  1130  Computer  was  pro- 
grammed for  computation  and  print-out  of  Gehman  u-ata  and  granhs. 
All  testing  was  performed  in  accordance  with  guidelines  of 
Attachments  ifl  and  cited  under  Paragraph  F.l  of  Section  F 
and  Section  J entitled  "Special  Provisions." 

5*  T-Adhesion  Test  — A Firestone  test  performed  as  follows; 

a.  Using  a Hytronic  Cutting  Machine  (Model  A;  United  Shoe 
Machinery  Corp. ) and  a 6"  x 0.50"  die  prepare  an 
adequate  number  of  sheeted  strips  ( 0.110")  for  pad 
building. 

b.  Ply  one  piece  of  rubber  stock  (6"  x O.5O"  x 0.110") 
unto  one  piece  of  calendered  fabric  backing  (O.O5I"). 


A 
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c.  Place  sample  in  building  mold  with  fabric  side  down. 

d.  Place  ten  cords  (ca.  7"  in  length)  with  equal  spacing  on 


I 


! 


1 

I 


top  of  the  two  piece  assembly. 

e.  Invert  another  two  niece  assembly,  made  as  in  a.  and  b. , 
on  top  of  the  cords  so  that  cords  are  between  two  layers 
of  stock  to  be  tested. 

f.  This  assembly  should  now  fit  snugly  into  mold. 

g.  Cure  adhesion  pads  as  desired  (usually  45'  @ J20=F  in  this 
work). 

h.  Cords  are  pulled  from  the  rubber  rads  by  means  of  an  ll^O 
Instron  at  a test  speed  of  10"/rinute.  The  top  grip  is  a 
snecial  holder  made  for  the  cur«d  sample,  with  a slot  in 
the  bottom  to  permit  the  sample  to  be  inserted  with  the 
cord  protruding.  The  bottom  grin  is  a wedge  type  designed 
to  exert  increasing  tightening  the  cord  is  nulled. 

i.  The  ten  cords  are  pulled  and  averaged.  Multiplication  by 
tv;o  yields  the  lbs. /in.  value  reported. 

6.  Trouser  Tear  — Test  followed  ASTM  D153^  except  for  these  modi- 
fications: 

a.  Force  necessary  to  propnigate  a tear  measured  on  a rubber 
sheet  (0.075")  and  not  a plastic  film. 

b.  The  specimens  consist  of  strips  3«5"  x 2.0"  with  a longi- 
tudinal slit  2.5"  long  down  the  middle  of  the  sheet. 

7.  Tension  Pecovery  — This  test  followed  the  procedure  given  in 

the  Purchase  Description  of  this  contract  and  outlined  as 

follows : 


•4mi 


lOA  - 


1 


a.  With  the  scecirer.s  -it  a temperature  ranging  from  68°F  to 
73°F,  they  are  clamped  in  the  stretching  devices  and  pulled 
back  until  the  1 1/2  inch  portion  of  the  specimen  has  been 
stretched  to  100?^  elongation  and  fixed  in  that  position. 

b.  The  stretching  devices  and  the  specimens  shall  be  conditioned 
in  a low  temperature  chamber  for  l66  hrs.  - 1 hr.  at  -70'’F  - 
2”F.  The  measuring  board  shall  be  conditioned  for  not  less 
than  two  hours  at  the  same  temperature. 


c.  With  tho  test  instrument  and  specimens  still  in  the  low 

temperature  chamber,  the  movable  clamp  is  released  from,  its 


fixed  position,  and  the  ass°m.bly  is  conditioned  for  an 
additional  30  minutes  at  -70-F. 

d.  The  final  length  of  the  specimen  is  determined  30  min. 

(ilO  sec.)  after  release  of  the  damps  and  v/jth  the  stretching 
devices  and  sp^cim.ens  held  at  an  , angle  of  15”  from  the  vertical. 

e.  The  cold  tension  recovery  percentage  for  each  set  of  three 
specimens  is  calculated  and  averaged.  The  average  value  is 
used  to  determine  compliance  with  the  specification  require- 
ments. 

f.  The  percentage  of  cold  tension  recovery  is  computed  from 
the  formula; 


% cold  tension  recovery  = 


Ls-Lf 

Ls-1jO  X 100 
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v;her-»:  Ls  = stretched  length  of  soecimen  | 

Lf  = fiml  length  of  specinen  | 

Lo  = initial  length  of  specimen  j 

test  specimens:  O.08O"  wide  x 1.5"  long  with  0.25"  cquire 

at  each  end 

8.  Brittleness  — determined  in  accordance  with  ASTM  designation 
D?46. 

9.  Torsional  Stiffness  Ratio  — determined  in  accordance  with 
Method  5612  of  Federal  Test  Method  Standard  Mo.  6OI. 

10.  Existent  Gum  — This  test  followed  the  nrocedure  given  in  the 
Purchase  Description  of  this  contract  and  AST.M-IV38I-7O.  A 
test  sample  of  hose  not  less  than  I't  inches  long  is  nlugged 
with  a clean  corrosion  resisting  cylinder  2 inches  long 
secured  in  place  v;ith  a clamp.  The  sample  of  hose  is  filled 
to  within  2 inches  of  the  top  with  TT-S-735,  Tyne  TI  fluid.  The 
top  of  the  hose  is  then  plugged  in  a manner  similar  to  the  bottom. 

The  sample  is  stored  in  a vertical  position  for  seven  days  at 
ambient  temnerature  of  lOO^’F  (-2'’F).  Every  24  hours,  the 
fluid  is  agitated  for  five  minutes  by  moving  the  hose  back 
and  forth  from  vertical  to  horizontal  positions  at  a rate 
of  two  cycles  per  minute.  At  the  end  of  seven  days,  the 
fuel  is  agitated  again  for  five  minutes  and  immediately  removed. 

- IOC  - 


The  fuel  is  tested  for  wnshed  --nd  unv/ashed  existent  gum  in 
accordance  with  paragranhs  9. 1-9. 6 -nd  9-8-9.12  respectively 
of  ASTM-D-381-70. 

A modified  version  of  this  test  utilizes  diced  samples 
of  hose  compound.  A 5-0  g samnle  (<  70  mils  thick)  is  cut 
from  the  hose  and  diced  into  approximately  I/I6  inch  squares 
and  placed  into  a flask  containing  250  ml  of  TT-S-735,  Type 
II  Fluid.  The  flask  is  kept  for  ^3  hrs.  at  ?35’F  (-5'’F) 
with  occasional  stirring.  After  filtration  through  Vnatman 
41H  (or  equivalent)  paper,  the  existent  gum  content  is 
determined  (as  above). 

7.  Preliminary  Compounding  Studies 
A.  Unaged  Pol7fmer 

The  ooiinds  of  tiolymer  used  in  this  work  were  prerared  in  four 
batches.  Stress-strain  and  Gehman  data  for  the  individual  batches  ^Table  I) 
show  all  to  be  close  to  sreci fications  and  comnar''ble.  Analyses  of  the  raw 
rolymers  were  quite  consistent  for  the  four  batches.  As  a result,  the  four 
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batches  were  combined  to  yield  a uniform  lot  of  polymer  to  be  used  for  all 
development  work.  This  pol^Tner  was  designated  KI816I  and  utilized  as  is  in 
all  of  the  preliminary  studies  to  be  described. 

Since  earlier  studies  in  our  laboratories  showed  black-filled  stocks 
to  be  best  for  low  temperature  flexibility,  we  started  our  investigation 
with  an  evaluation  of  various  carbon  blacks.  A standard  formulation 
illustrated  in  Table  II  was  also  utilized.  Data  in  Table  II  show  that 
the  level  of  FEF  black  has  significant  influence  on  processing  and  low 
temperature  flexibility.  At  lower  levels  of  FEF,  the  stocks  processed 
poorly  and  showed  excellent  low  temperature  flexibility.  Processing  was 
improved  considerably  at  50  phr  FEF,  but  the  low  temperature  flexibility 
became  poorer  with  a Gehman  T^  of  only  -59“F  obtained.  Stress-strain 
properties  were  only  fair  with  modulus  increasing  and  tensile  remaining 
about  the  same  with  increasing  black  level. 

GPF  and  a combination  of  MT  and  FEF  blacks  were  also  evaluated  in  the 
standard  formulation  (Table  III).  Although  stress-strain  properties  were 
fairly  good,  these  stocks  could  not  be  given  further  consideration  due  to 
the  poor  mill  processing.  The  compounds  would  not  form  a band,  were  very 
lacey  and  could  not  be  calendered, 

HAF  black  was  tried  at  different  levels  and  presented  similar 
problems.  The  compounds  processed  very  poorly  and  low  temperature 
flexibility  was  poor  at  high  levels  of  black  (Table  IV ). 

It  was  felt  that  Austin  black  would  have  little  effect  on  low 
temperature  properties  and,  therefore,  was  tried  in  combination  with 


i 
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FF.F  black  (Table  V).  Even  at  the  high  levels  of  blacks,  processing 
difficulties  v/ere  evident;  also,  the  low  tencerature  flexibility  was  not 
acceptable. 

The  processing  problems  experienced  were  similar  to  those  evident  with 
high  nerve  polymers.  To  reduce  this  nerviness,  the  polymer  was  heat-aged 
in  a forced  air  oven  for  one  hour  at  300'’F.  This  treatment  had  no  adverse 
effects  on  stress-strain  properties  (Table  VI).  Hov/ever,  no  improvement  in 
processibility  resulted. 

Trying  to  remedy  our  major  problem,  we  evaluated  stearic  acid  as  a 
processing  aid.  With  the  50  phr  FEI’  compound,  excellent  mill  processing 
was  achieved  through  addition  of  stearic  acid  (Table  VII),  At  lower 
levels  of  FFF  required  for  low  temperature  flexibility,  hov/ever,  the 
stearic  acid  did  not  have  any  influence  on  mill  processing  (Table  VIII). 

The  good  processing  formulation  with  50  uhr  FEE  was  unsatisfactory  for 
lov;  temperature  flexibility.  Using  this  formul  tion,  lower  levels  of 
peroxide  were  tried  to  determine  if  reduced  cure  states  might  improve  low 
temperature  flexibility.  Slightly  lower  and  G at  -55'’C  values  were 
observed  with  the  lowest  peroxide  level  compound  (Table  IX),  but  the 
improvements  were  insufficient  to  warrant  use  of  this  formulation  for 
hose  building. 

An  evaluation  of  a precipitated  silica,  Quso  WP-82,  was  also  made. 

At  all  levels  of  this  silica,  poor  processibility  was  obtained  (Table  X). 

B.  Heat-aged  Polymer 

The  high  nerve  of  the  modified  PNF^  (PNF^-LT)  being  used  still  seemed  to  be 
logical  cause  of  our  processing  difficulties.  It  was  shown  earlier  that  a one 
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hour  treotnent  ot  300'’F  produced  no  improvements  in  processing  and  no 
adverse  effects  on  normil  vulcanizate  properties.  Thus,  the  polymer  vas 
si:h,iected  to  more  vigorous  heat  treatments  and  then  comnounded  in  a standard 
formulation  with  only  50  phr  FEF.  The  results  shown  in  Table  XI  indicated 

N 

that  longer  heat  treatments  did  indeed  remedy  our  processing  problems. 

Also,  at  these  lower  FSF  black  levels,  good  low  temperature  flexibility 
was  achieved  as  evidenced  by  the  Gehman  data  shown.  Normal  stress-strain 
data  were  indicative  of  slight  overcure  and  no  serious  degradation  of  the 
polymer  from  the  heat  treatments.  It  appeared  that  8.5  hours  at  3C0"F 
produced  the  best  results. 

8.  First  Hose  Building  Trial 

Having  attained  satisfactory  processing  and  low  temperature 
flexibility,  we  proceeded  to  a trial  hose  building  effort  with  the  heat- 
treated  polymer.  Tlie  formulation  chosen  was  our  standard  one  consisting 
of  100  parts  rubber,  50  FEF,  6 MgO,  2 stabilizer  and  O.u  Vulcup  R. 

Our  goal  in  this  trial  was  to  determine  if  our  standard  formulation 
could  be  utilized  in  the  hose  building  process.  The  suction  tyne  hose 
seemed  to  be  the  more  difficult  to  fabricate,  and  so  we  planned  to  make  a 
10  foot  length  of  suction  hose  and  only  a one  foot  length  of  collapsiole 
hose.  Roth  hoses  were  to  be  prepared  from  laminated  calendered  sheets 
with  braided  rayon  (2200  denier,  2 plies)  requirement. 

Five  small  Banbury  mixes  were  necessary  in  order  to  produce  the 
required  stock  for  this  initial  trial.  The  stocks  mixed  very  well,  and 
each  mix  was  cure  checked.  Results  of  these  cure  checks  (Table  XII) 


indicated  that  the  five  batches  could  be  blended  and  calendered.  The 
calendering,  on  a 20"  calender  v;ith  rolls  at  approximately  130^F,  pro- 
ceeded very  well.  The  resulting  sheets  were  smooth  and  uniform.  The 
dimensions  of  the  calendered  stocks  are  shown  in  Table  XIII. 

The  suction  hose  v/as  then  built  as  follov/s: 

1.  Tube  stock  (0.050")  was  wrspned  twice  around  a 2"  OD  mandrel. 

2.  The  tube  surface  was  freshened  with  MEK. 

3.  Tube  was  passed  through  n 48  carrier  textile  horizontal  braider 
where  one  layer  of  rayon  (2200  denier,  2 plies)  v;as  applied  -in  a 
2 over,  2 under  pattern. 

4.  Fabric-tube  assembly  was  covered  with  a cement  consisting  of  20^ 
PNF^-LT  stock  (XS  from  calendering)  dissolved  in  acetone. 

5.  One  inner  ply  (0.037")  was  applied. 

6.  Steel  wire  (0.065"  OD)  was  spir?3.1ed  on  at  a spacing  of  0.25". 

7.  Another  inner  ply  (0.037")  was  applied. 

8.  The  entire  assembly  was  passed  through  the  braider  for 
application  of  another  layer  of  rayon  (identical  to  the  previous 
layer). 

9.  The  PNF^-LT  cement  was  again  anplied. 

10.  Two  plies  of  cover  stock  (0.050")  v;ere  added  to  complete  the  hose. 

11.  The  hone  v;as  double  wrauned  with  v;et  nylon  curing  tare  and  cured  in 

a steam  autoclave  for  tv/o  hours  at  Th<?  mandi-el  v/as  hollov;  to 

allo’w  steam  to  circulate  inside. 

The  collapsible  hose  was  built  in  similar  fashion  but  consisted  of  only 
two  dies  of  tube  stock,  braided  rayon,  one  inner  rly,  braided  rayon  and  two 
plies  of  cover  stock. 


No  problems  occurred  during  these  hose  building  onerations.  Green 
strength  of  the  stock  was  adequate  to  resist  --ny  null  dovm  by  fabric  or  wire. 
The  hoses  cured  satisfactorily  and  removal  of  the  hoses  from  the  niandrel  vns 
relatively  easy  v;ith  McLube  1775  as  a lubricant. 

Tests  v;ere  performed  on  the  suction  hose  only,  and  'results  are  summar- 
ized in  Table  XIV.  In  general,  the  results  were  encouraging.  Hydrostatic 
pressure  test  results  met  or  exceeded  specifications.  One  problem  area  was 
the  low  tensile  strength  and  low  elongations.  Also,  the  adhesion  values  were 
only  slightly  above  specifications. 

The  stock  used  in  this  first  hose  fabrication  trial  was  further  tested 
for  fuel  resistance  in  Type  II  Fluid  (TT-S-755)  and  for  water  resistance. 

Data  in  Table  XV  illustrate  satisfactory  results  in  both  fluids  for  our 
compound. 

9.  Additional  Compounding  Studies 

Following  our  first  hose  building  trial,  our  efforts  focused  on  improving 
stress-strain  and  tear  oronerties,  ir.creasinr  adhesion  of  tube  and  cover,  re- 
ducing cure  times  and  davelorment  of  a covtar  corround  which  would  oroduce  the 
desired  fuel  diffusion  rate  ratio  for  tube  and  cover.  Practically  all  of  this 
work  was  done  vhth  polymer  (KI816I'  that  vs  'neat-aged  8.5  hours  at 

To  improve  the  elongation  of  our  hose  formula.tion,  compounds  with  lower 
Vulcup  R levels  were  evaluated  CTable  XVI).  At  the  lower  peroxide  levels,  the 
desired  elongations  were  realized  while  modulus  decreased  and  tensile 

strengths  remained  unchanged.  Sumrisingly,  these  stocks  with  lower  cure 
states  did  not  exhibit  higher  tear  strengths.  Gehman  low  temperature  proper- 
ties were  essentially  the  same  for  all  conpo'unds.  All  in  all,  it  appeared 
that  the  reduction  in  peroxide  level  would  not  cause  any  problems. 


Tho  VulcuD  P iJ3»d  =s  curative  in  all  of  our  work  is  designed  for  cures 
at  3^*0''F.  Flowevcr,  the  raxitrus;  cure  teTrperature  attainable  in  production 

I 

autoclaves  was  320'‘'F.  Thus,  it  was  felt  that  inoroved  properties  and  shorter 
cure  times  could  be  realir.ed  with  peroxides  that  initiate  at  lower  tempera- 
tures. Several  different  reroxides  were  evaluated  with  our  standard 
formulation  (Table  XVII).  Monsanto  Fheometer  data  indicate  shorter  times 
to  90%  cure  for  Dicup  and  Lunerco  after  35'/3^0°F  cures;  however,  normal 
stress-strain  properties  were  essentially  identical  for  all  compounds, 
including  the  Vulcup  R formulation.  Trouser  tear  strengths  and  low 
temperature  flexibilities  were  also  comparable  for  all  compounds.  Thus, 
at  3?0°F,  there  seemed  to  be  no  advantages  evident  from  these  lower 
temperature  curing  peroxides. 

Our  approach  to  attaining  greater  fuel  diffusion  rates  in  cover  than 

in  tube  stocks  was  to  add  small  amounts  of  polymers  with  poor  fuel 

\ 

resistance  to  the  cover  compound.  A first  attempt  with  a silicone  rolymer 
was  futile  in  that  the  compound  processed  poorly  and  probably  would  not 
calender  (Table  XVIII).  A preliminary  evaluation  of  EPDM  and  polybuta- 
diene containing  compounds  indicated  that  processing  and  normal  stress-strain 
properties  were  not  adversely  affected  (Table  XIX).  Fuel  diffusion  rate 
ratio  determinations  showed  that  less  than  5 pFir  of  EPDM  would  suffice  to 
attain  the  desired  ratio  of  I.30  (Table  XX).  Thus,  a compound  with  only 
2.5  phr  of  EPDM  was  evaluated,  and  results  were  quite  good  (Table  XXI). 
Physical  properties  were  unaffected  by  the  EPDM  and  a fuel  diffusion  rate 
ratio  of  1.42  was  achieved.  At  the  same  time,  low  levels  of  a non- 
fluorinfcted  polyalkoxyphosnhazene  were  tested.  Satisfactory  diffusion 
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rates  resulted,  but  the  norral  stress-strain  values  fell  well  below 
specifications  (Table  XXI). 

A serious  problem  with  our  first  hose  was  poor  tear  strength. 

Besides  the  obvious  consequences,  noor  tear  also  contributes  to  the 

adhesion  problem  because  of  the  strike  through  of  rubber  in  the  hose 

design  used.  V/ith  high  tear  strength,  this  strike  through  would  make 

separation  of  tube  or  cover  from  rayon  difficult.  Independent  studies 

in  our  laboratories  with  PNF*-200  indicated  that  small  quantities  of 

Teflon  8a  improved  tear  strength  significantly.  Data  in  Table  XXII 

illustrate  the  influence  of  increasing  levels  of  Teflon  SA  on  tear  and 

normal  stress-strain  properties  of  our  standard  PNP^LT  formulation. 

These  preliminary  results  were  quite  encouraging  in  that  tear  strength  was 

improved  considerably  and  modulus  and  tensile  strength  also  increased. 

However,  upon  close  inspection  of  the  test  pieces,  it  was  evident  that  a 

\ 

problem  existed  with  the  Teflon-containing  stocks.  The  compounds  appeared 
to  consist  of  thin  layers  of  rubber  which  could  readily  be  delaminated. 

Because  of  the  improvements  in  tear  attained  by  Teflon  addition,  we 
attempted  a couple  of  variations  in  mixing  procedure  to  overcome  the 
delamination  difficulty.  First,  we  tried  addition  of  the  Teflon  in  the 
Brabender  rather  than  on  the  mill  as  in  our  initial  efforts.  This  resulted 
in  improvements  in  tear  and  norml  stress-strain  properties  similar  to  the 
earlier  trials,  but  delamination  of  the  stocks  was  still  evident. (Table  , 
XXIII).  Another  mixing  variation,  addition  of  silicone  oil  to  improve- 
Teflon  dispersion,  also  had  no  influence  on  the  delamination  problem 
(Table  XXIV). 
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A courle  of  silica  fillers  were  evaluated  to  determine  their  influence 
on  stress-strain  and  tear  properties.  Quso  V/R-82  filled  compounds  showed 
very  poor  tear  strengths  that  could  have  been  cu-'sed  in  part  by  the  over- 
cured  nature  of  the  stocks  (Table  XXV).  Hi  Sil  233  formulations  produced 
similar  results  (Table  XXVI). 

T-adhesion  values  to  rayon  were  determined  for  our  formulations  used 
in  the  first  hose  building  trial  (Table  XXVII).  The  values  observed  were 
quite  low,  and  there  was  no  evidence  of  rubber  on  the  cord  following  the 
test.  To  remedy  this  situation,  various  known  adhesion  promoters  were  added 
to  our  standard  formulation  and  tested.  None  of  these  additives  greatly 
improved  adhesion;  all,  except  Cohedur  RL,  had  detrimental  effects  on  normal 
vulcanizate  pronerties  (Table  XXVIII),  and  none  showed  -any  rubber  on  the  cord 
following  the  test. 

Several  different  black  fillers,  some  of  which  were  evaluated  ivith  unaged 
Txalymer,  were  tried  with  the  heat  aged  rolymer  to  determine  their  effects  on 
normal  stress-strain,  tear  strength  --nd  low  temperature  flexibility.  The 
results  of  this  study  are  illustrated  in  Table  XXIX.  All  of  the  comnounds 
processed  fairly  well,  although  calendering  problems  probably  would  have  been 
encountered  with  the  low  structure  H,\F  and  the  G?F  stocks.  The  SAF  comcound 
showed  considerably  higher  tear  strength,  but  low  temperature  flexibility 
was  unacceptable.  The  HAF  compound  had  fairly  good  low  temperature 
flexibility,  but  tear  strength  was  very  poor.  It  appeared  that  the  best 
overall  properties  were  .obtained  with  the  standard  FSF  formul-’tion. 


1 
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10.  Second  Hose  Building  Trinl 

Another  hose  building  trial  was  attempted  with  the  cover  stock  (PI98625) 
described  earlier  (Table  XXI).  Besides  attempting  to  attain  the  desired  fuel 
diffusion  rate  ratio  between  tube  and  cover,  we  were  also  attmpting  to  in- 
crease the  elongation  values  obtained  in  our  first  hose  building  effort.  To 
achieve  the  latter  effect,  the  Vulcup  R level  was  reduced  from  0.4  phr  level 
used  in  the  first  trial  to  0.2  phr.  Otheriwse,  the  formulation  for  this  trial 
remained  unchanged.  Table  XXX  shows  the  cure  check  results  on  three  Banbury 
nixes  each  of  tube  and  cover  stocks.  The  data  showed  that  the  three  batches 
of  each  stock  could  be  combined  for  calendering  and  that  the  properties  were 
about  as  we  had  desired. 

V7e  exneriencod  a little  more  difficulty  in  calendering  these  stocks. 

The  compounds  were  sticking  slightly  to  the  calender  rolls.  In  spite  of 
this  stickiness,  sufficient  stock  was  calendered  to  build  IO-I5  feet  of 
collapsible  hose. 

In  this  sacond  trial,  v;e  attempted  to  prenare  only  collansiblo  type 
hose  (15  ft.)  by  the  identical  process  described  earlier.  The  hose 
building  itself  went  smoothly  with  no  problems  encountered  up  to  the  curing 
stage.  After  curing  for  90  min.  at  325”F,  great  difficulty  was  experienced 
in  removal  of  the  hose  from  the  mandrel.  We  eventually  v/ore  forced  to  cut 
the  hose.  Stress-strain  properties  of  the  tube  and  cover  sections  were 
very  poor  (Table  XXXI),  and  the  undercured  nature  of  the  tube  could  have 
contributed  to  the  poor  release  from  the  mandrel.  The  lubricant  used  was 
identical  to  that  used  in  our  first  trial  (McLube  1775). 
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In  an  attempt  to  determine  the  cause  of  the  poor  stress-strain 


properties  obtained  on  a sample  of  the  hose,  we  determined  physical 


properties  on  excess  cover  stock  that  was  bo 


results  of  these  determinations  clearly  showed  that  the  poor  mechanical 


properties  were  not  caused  by  steam  curing  (Tabl 


Since  cure  checks  prior  to  calendering  showed  good  result 


appeared  that  our  problem  had  arisen  during  the  calendering  process.  To 


test  this  hypothesis,  a study  was  made  of  the  influence  of  calendering 


conditions  on  ultimate  physical  properties.  This  investigation  illustrated 


that  repeated  high  temperature  calendering  could  cause  a reduction  in 


subsequent  cure  states  (Table  XXXIII).  In  the  second  hose  building  trial 


we  did  have  more  problems  which  necessitated  mo 


than  one  pass  through 


the  calender.  Also,  our  temperature  control  was  not  very  good 


11.  Further  Compounding  Studies 


Follov/ing  the  second  ho 


our  efforts  continued  to 


focus  on  improvement  of  processing,  tensile  s 


•gth,  tear  strength  and 


adhesion  to  rayon.  We  also  investigated  the  repla 


lent  of  the  pure 


Vulcup  R,  with  a kOr>  dispersion  of  Vulcup  on  Burgess  KE 


leroxid' 


(Vulcup  40KE).  The  results  presented  in  Table  XXXTV  indicate  comparable 


cures  with  the  two  peroxides.  We  decided  to  utilize  the  Vulcup  40XE 


since  it  would  be  easier  to  handle,  should  give  better  reproducibility 


with  our  small  batches  and  might  reduce  the  possibility  of  peroxide 


volatilization  during  calendering 


It  was  also  felt  that  improved  tensile,  green  and  tear  strengths 


might  be  attained  through  use  of  a polymer 


at  was  heat  aged  for  a 


We  first  followed  the  droo  ir.  dilute 


solution  viscosity  (CSV)  with  300'’F  aging  up  to  8.5  hours  (Table  XXXV) 


Polymers  (KI816I)  nged  for  ^.5,  6.0  end  8.5  hours  were  then  comrounded 


cured  and  tested  (Table  XXXV).  It  was  shown  that  4.5  hours  aging  (K18353) 


was  not  sufficient  to  reduce  nerve  and  yield  good  processing.  The  polymer 


aged  for  6.0  hours  (Kl835-^)  did  nrocess  well 


ties  were  improved  slightly  by  the  reduced  aging  times  while  tear  strength 


and  low  temperature  flexibility  v.-ere  essentially  unchanged.  It  was  decided 


TDolymers  aged  for  both  6 and  8.5  hours  to  determine 


to  continue  looking 


if  there  were  any  benefits  from  shorter  aging 


Continuing  our  search  for  improved  reinforcement  ^nd  pro 


evaluated  additional  carbon  blacks  and  combinations  of  carbon  bl 


Attempts  to  utilize  small  amounts  of  SAP  in  combination  with  Austin 


black  did  give  reasonably  good  lov;  temperatun 


flexibility,  bu 


strain  pronertio 


in  combination  with  black  produced  excellent  lo 


and  good  tensile  strength,  but  processing  was  again  very  poor  (Table  XXXVII) 


of  ISAF  and  FEF  blacks  in  combination  (25 


other  combinations  but  still  poorer 


FFF  black  alone  (Table  XXXVTII).  Improved  tensile  strength  and  good 


realized  with  ISAF  blacks  alone  (Table  XXXVIII).  However 


and  low  temperature  properties  only  marginal 


tear  strengths  were  poo 


evaluated.  Tnese  blacks  yielded  good  mill  processing  at  low  temperatures 


t 

I 


,ti-us5-3triin  prouerties  -ind  improved  tear  otrenn^ths.  However,  low 


temnernture  properties  v/ere  deemed  unsatisfactory  (Table  XXXIX) 


An  earlier  study  with  the  silica  Quso  ’rtT?-82  produced  vulcanizates 


that  were  overcured.  Hence,  a re-examination  v/as  made  at  lower  peroxide 


level  and  showed  that  reasonably  good  stress-strain  properties  could  b 


achieved  at  0.75  P^r  Vulcup  40KE  (T'ble  XL).  No  advantages  in  process- 


ibility  or  tensile  and  green  strength  over  the  FEF  formulation  were  evident 


Samples  of  nylon,  rayon  and  polyester  that  had  been  treated  for 


improved  adhesion  to  rubber  were  tested  for  adhesion  to  PNF^-LT  tube  and 


cover 


,ons 


im.provements  were  only  slight.  Adhesions  to  all  fabrics  were  poor 


(Table  XLI)  with  no  evidence  of  rubber  on  the  cords  after  testing 


12.  Third  Hose  Building  Trial 


In  viev/  of  the  difficulties  experienced  in  our  second  hose  building 


effort,  a third  trial  v;as  made  in  ord^r  to  produce  hose  with  the  desired 


differences  in  fuel  diffusion  rates  between  tube  and  cover  stocks.  Ve 


also  honed  to  remedy  our  calendering  problems  and  to  try  Vulcup  40KE  and 


the  polymer  aged  for  only  6.0  hours 


Both  press  and  steam  cure  checks  were  run  on  our  preferred  hose 


In  addition,  a cure  check  vras  made  -after  calendering  on  a 


compound 


small  laboratory  calender  (Table  XLII).  Little  difference  was  observed 


between  stocks  (P199437)  that  v/ere  press  -and  steam  cured.  However 


calendering  did  produce  a size-able  reduction  in  cure  state  (R199463) 


Normal  stress-strain  properties  were  still  fairly  good  after  calendering 


(Table  XLIT).  A slight  increa 


formulations  (illustrated  in  Table  XLTII) 


In  nome  cnlendaring  v;orV:  on  t sraLl  lab  calender,  it  was  observed  that 


tended  to  stick  more  't  150'’F  than  at  150'’F.  This  fact  v/as  used 


to  our  advantage  in  calendering  for  our  third  hose  building  trial.  The 


lower  rol]  of  the  calender  which  contain 


e cutting  knives  was  kept  at 


I'tO'^F  while  the  upper  roll  was  rnaintained  it  l^O-F.  This  prevented  the 


stocks  from  going  to  the  top  roll  and  pulling  aw-iy  from  the  cutting  knives 


Dxlendering  of  both  tube  and  cover  stocks  proceeded  very  smoothly 


ly)  went  very  well  except  for  difficulties  in  removtol  of  the  collapsible  hose 


v/ith  a v/rapped  bar.  Thi 


same  technique  resulted  in  release  of  the  collapsible 


hose  but  only  after  a considerable  length  of  time  during  v/hich  slight  damage 


occurred  to  the  ho, 


ailts  of  various  tests  on  th 


com.pounds  are  sumrrnrir.ed  in  Tables 


ss-strain  properties  were 


peci  fication.  F.longation 


vere  around  1000  r: 


ection  of  the  collar, 


ured 


on  excess  stock  gave 


much  better  normal  properties  and  indicated 


the  steam  cure  had  produced 


poorer  cures  this  time.  Gehman  lo 


temperature  test  results  v;ere  excellent 


was  undesirably  hi.Th  for  the  cover.  Appirent 


for  tube  section; 


all  amount  of  E?DM  was  detrimental  zo  low  temperature  flexibility 


Additional  low  temperature  test 


ere  perfo 


Army  and  are  summarized  in  the  letter  shown  in  the  Appendix.  In  general 


the  results  were  quite  favorable  v;ith  no  serious  problems  resulting  from 


the  conditioning  of  specimens  for  7 days  at  -70’’F.  Tear  strengths  were 


not  very  f,ood  but  about  as  high  as  we  can  exoect  (Table  XLIII).  Adhesion 

values  for  tube  and  cover  to  ply  of  the  suction  hose  and  for  cover  to  ply 

for  the  collapsible  hose  were  well  within  specifications  (Table  XLIV). 

\ 

However,  tube  to  ply  adhesion  for  the  collapsible  hose  was  unsatisfactory. 
The  latter  result  was  difficult  to  understand  since  identical  compounds 
v/ere  used  for  both  hoses.  The  hydrostatic  rressure  tests  gave  acceptable 
results  for  both  hoses.  Fuel  and  water  resistance  was  also  satisfactory 
for  both  tube  and  cover  stocks  (Table  XLV). 

13.  Final  Comooundinp:  Studies 

After  our  third  hose  building  trial,  it  v/as  evident  that  we  still 
needed  improvements  in  tear  and  tensile  strengths  -and  a better  mandrel 
lubricant  'was  required.  We  also  had  to  devslon  a new  cover  stock  that 
provided  the  desired  fuel  diffusion  r-ate  and  did  not  influence  low 
temperature  flexibility. 

Farlier  studies  showed  that  addition  of  small  amounts  of  'oolybuta- 
diene  produced  the  desired  fuel  diffusion  race  in  cover  stock.  We  repeated 
this  work  and  checked  the  effect  on  Gehman  low  ter.nera ture  properties.  It 
was  found  that  the  fuel  diffusion  rate  and  low  temperature  properties  were 
acceptable  for  a cover  compound  containing  ^ rhr  of  rolybutadiene  (Table 
XLVI). 

Continuing  our  search  for  improved  physical  properties,  we  evaluated 
additional  black  reinforcing  agents.  A high  structure  G-F  and  N ISAF 
blacks  v/ere  compared  to  our  standard  FEF  formulation.  The  ISAF  compound 
fared  quite  v/oll  in  all  tests,  particularly  tear  strength,  but  the  Gehman 
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low  temperature  properties  ’were  well  below  specifications.  The  GPF  com- 
pound showed  no  adv.-intaf!;es  over  the  FEF  stock  and  'was  ooorer  in  tear 
strength  (Table  XLVIT). 

An  earlier  investig^ition  with  combinations  of  ISAF  and  FTIF  blacks 
indicated  that  these  connounds  were  c’ose  to  meeting  specifications  and 
that  a repeat  analysis  was  warranted.  Data  in  T-ble  XLVIII  summarize  this 
reinvestigation.  Normal  stress-strain  nrorerties,  low  temperature  flexibility 
and  tear  strengths  were  essentially  the  same  as  our  FEF  compound.  Although 
the  lo’w  temperature  properties  v/ere  greatly  improved,  the  control  conno’und 
was  also  better  than  usual.  This  may  indicate  some  problems  in  this  series  of 
Gehman  tests.  Since  processing  of  the  FEF  formulation  was  slightly  better,  'wc 
v/ould  not  recommend  a s’witch  to  the  ISAF-FEF  combines tion. 

Several  other  blacks  also  provided  properties  close  to  or  better  than 
srecifications.  Hence,  these  compounds  were  evaluated  again  v/ith  some  minor 
adjustments  in  peroxide  and  black  levels.  Goo^  stress-strain  properties  'were 
realized  with  the  HAF,  ISAF  (HS)  and  Rub  Corex  R stocks,  but  low  temperature 
flexibility  v/as  not  very  good  (Table  IL). 

An  acetylene  black,  Shawinigan,  was  also  evaluated  at  30  phr  level. 

This  stock  processed  \well  and  shov/ed  fairly  good  tensile  strength  although 
the  stock  was  ob'/iousiv  o'/ercured  (Table  L).  The  Gehman  T_.  ’/alue  was  ex- 
cellent,  but  the  G value  at  -55'’0  '.was  higher  than  desired.  Tear  strength 
was  very  poor,  but  this  was  ’jndoubtedly  influenced  by  the  tight  cure  obtained 
on  this  stock.  All  in  all,  the  Ehawinigan  compound  with  a reduced  cure  state 
would  nrob-ably  be  comrarable  to  our  FEF  formul- tion.  Any  future  studios, 
possibly  in'/olving  extrusion  of  hose  compounds,  should  consider  both  the 
nhawinigan  and  the  ICAF-FEF  combination  compounds. 
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Efirlicr  v;ork  showed  that  Teflon  increases  our  tear  strength  but  also  ] 

i 

produced  a lar.inated  stock  that  could  be  peeled  apart.  We  tried  a dif-  | 

ferent  type  of  Teflon,  Teflon-6,  to  see  if  this  delamination  could  be  I 

1 

avoided.  The  cured  stocks  still  exhibited  some  layering,  and  the  tear  | 

strengths  were  not  improved  significantly  (Table  LI),  w'e  also  investi-  j 

gated  the  effects  of  Teflon  8-A  in  combination  with  Silane  A-l?^,  a i 

coupling  agent.  The  stocks  could  still  be  delaminated,  and  low  tempera-  j 

ture  properties  were  quite  poor  (Table  LIT). 

l4.  Evaluation  and  Compounding  of  New  Polymer  for  Hose  Production 

In  order  to  prepare  125  feet  of  collacsible  hose  and  35  feet  of  ! 

suction  hose,  it  was  necessary  to  synthesize  an  additional  l63  pounds  of  I 

pf}P’"^'_LT.  Table  LITI  illustrates  the  raw  polymer  analyses  of  six  batches  ' 

i 

of  material  that  would  provide  sufficient  material.  These  analyses  show  j 

that  the  DSV's  of  these  polymers  are  significantly  lower  than  obtained  for  | 

earlier  polymer  (KI816I)  and  that  the  Tg's  are  lower.  The  latter  result  is  1 

due  to  the  lov;er  levels  of  fluorine  observed  in  these  polymers.  1 

Wo  compounded,  cured  and  tested  each  of  the  individual  batches.  ; 

Normal  stress-strain  pj'operties  were  not  very  good  and  mill  processing 
was  very  poor.  The  stocks  would  not  form  a tight  band  but  simnly  bagged 
off  the  mill.  Gehrr’an  low  temperature  properties  'were  exceptionally  good, 

but  fuel  resistance  was  very  poor  (Table  LIV).  ' 

1 

All  of  the  problems  of  the  above  com.po\inded  stocks  could  be  ascribed  j 

to  too  lov;  a level  of  fluorine  in  the  polymer.  This  conclusion  is  I 

drawn  From  previous  experience  in  our  laboratories.  Our  earlier,  j 
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indopendont  studios  'ilso  indicTtod  tVi":t  the  polymers  v/ith  very 

low  levels  of  fluorine  could  be  blended  with  ??Jr'^-20r)  to  attoin  n good 
bolance  of  iow  temperoture  flexibility  end  solvent  resistance.  V.'ith  this 
in  mind,  we  evaluated  blends  of  one  of  the  new  PNT-t^-LT's  and  a PNjF^-200. 
Results  of  this  investigation,  summarized  in  Table  LV,  were  very  en- 
couraging. First  of  all,  the  addition  of  PliJ— 200  greatly  improved 
mill  processing.  Also,  stress-strain  procerties  were  improved  so  that 
even  at  20  parts  of  PNF^-200  to  80  parts  PNF^-LT,  properties  equivalent 
to  those  observed  in  our  earlier  work  were  obtained.  Both  at  20  and  4o 
parts  of  PNF^-200,  acceptable  low  temperature  properties  v;ere  realized. 
Fuel  resistance  was  marginal  with  20  carts  of  ?NF^-200  and  v/ithin 
specifications  (.■^^0%)  for  the  60;l0  blend.  In  going  to  60  parts  of 
PNF^-200  and  40  parts  PNI'’'*-LT,  low  temperature  properties  fell  into  the 
undesirable  range.  Thus,  it  appeared  that  blonds  of  the  two  polymers 
v;ould  yield  desired  procerties  nrovided  the  blends  did  not  contain  pre- 
dominantly PNF'^-200. 

The  six  batches  of  PNF^-LT  were  blended  in  six  separate  lots  on  a 
20"  rubber  mill.  A cure  check  on  three  of  the  six  lots  indicated  a 
uniform  blond  was  nroduced  (Tabic  LVI).  This  blend  (K159'30)  ^^;as  utilized 
to  optimize  nnd  perform  further  checks  on  the  PNF^-LT  and  PNF^-200  blends. 

Table  LVIT  illustrates  results  of  our  investigation  of  80:20,  60:40 
and  (iOOO  (Pi.'F^’'-T.T:T’?IT'^-2'''0;'  blends.  Good  srress-str-in  properties  and 
reasonably  good  processing  were  again  observed  for  <all  of  the  blends. 


Low  tomporature  properties  were  also  acceptable  for  all  compositions 
studied.  On  the  basis  of  ovei*all  properties,  the  60:'*0  blend  was  chosen 
for  our  hose  building  efforts.  A peroxide  level  study  with  this  blend 
showed  the  optimum  Vulcup  40KE  level  to  be  in  the  1.0  to  1.2  phr  range 
(Table  LVIII).  A final  check  on  fuel  resistance  with  these  stocks 
produced  satisfactory  results  (Table  LVIII). 

Prior  to  going  to  our  final,  large  Banbury  mix,  we  performed  a 
Banbury  mix  and  checked  the  calendering  of  recommended  tube  and  cover 
stocks  on  small  lab  equipment.  The  stocks  mixed  very  well  and  yielded 
good  stress-strain  properties  (Table  LIX).  The  stocks  were  purposely 
cured  tighter  than  ultimately  desired  in  anticipation  of  losses  in  cure 
state  di;ring  calendering  and  stoam  curing.  The  slightly  higher  peroxide 
level  in  the  tube  stock  was  also  used  to  comoensate  for  the  lower  cure 
states  usually  observed  in  the  tube  section  of  the  hose.  The  calendering 
was  somewhat  difficult  due  to  slight  sticking  cf  both  compounds  to  the 
calender  rolls.  Temperature  did  not  seem  to  have  as  great  an  influence  on 
release,  although  higher  temperatures  did  improve  the  calendering  slightly 
Rather  surprisingly,  the  calendering  did  not  appear  to  influence  the 
subsequent  curing  and  mechanical  properties  o?  these  stocks  (Table  LIX). 

In  view  of  these  results,  we  proceeded  to  our  large  mix  of  final  compounds 
v/ith  the  same  formulations  except  for  a slight  decrease  in  peroxide  levels 
15.  Production  of  large  Lengths  of  Hose 

The  final,  large  hose  building  effort  was  performed  with  tube  and 
cover  formulations  illustrated  in  Table  LX.  A n-^sterbatch  totaling  232 
pounds  and  excluding  peroxide  and  polybutadiene  was  mixed  in  a Banbury. 


The  batch  was  nixed  in  6 minutes  and  dunned  at  250°F.  No  free  pigments 
were  evident,  and  the  stock  dropped  readily.  The  batch  was  then  divided, 
and  peroxides  and  polybutadiene  v;ere  added  on  a mill.  The  mill  mixing  went 
quite  well;  both  stocks  could  be  cut  readily  from  the  mill,  and  the  cover 
stock,  v;hich  handled  somewh.at  better,  could  be  rolled  on  the  mill.  The 
stocks  reached  212°F  during  the  mill  nixing.  Cure  checks  showed  good 
properties  for  both  compounds  (Table  LX). 

The  calendering  operation  was  then  performed  with  top  rolls  maintained 
around  150'’F  and  the  bottom  roll  kept  at  13C^F.  We  managed  to  calender  all 
of  the  desired  lengths  of  stock,  but  we  did  experience  problems.  The 
compounds  occasionally  stuck  to  the  top  rolls  causing  a tearing  of  the 
calendered  sheets.  A slight  improvement  in  mill  release  would  greatly 
facilitate  this  phase  of  hose  production. 

Ffibrication  of  the  desired  lengths  of  hoses  followed  exactly  the  process 
described  earlier.  We  performed  a preliminary  preparation  of  about  36 
feet  of  collapsible  hose  in  which  tv;o  different  mandrel  release  agents, 
talc  and  silicone  mold  release,  'were  evaluated.  The  hose  building  was 
marred  only  by  a build-up  of  stock  which  occurred  during  the  braiding 
operation  .md  resulted  in  a small  knot  in  the  hose.  Release  of  the  hose 
was  quite  good  with  both  types  of  release  agents.  The  hose  had  to  be  cut 
at  the  location  of  the  knot,  and  this  resulted  in  only  22  instead  of  the 
required  25  feet,  Tne  remainder  of  hose  was  used  for  testing  purposes. 

With  the  good  release  obtained  in  the  preliminary  run,  we  continued 
on  to  the  preparation  of  the  100  feet  of  collapsible  and  35  feet  of 
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suction  hoses.  These  lengths  were  prepared  with  no  problems  and  release 
from  the  mandrel  was  good.  Talc  was  utilized  ns  the  lubricant  for  all  of 
these  preparations. 

Both  types  of  hoses  were  subjected  to  hydrostatic  nressure  testing, 
and  results  of  these  tests  are  illustrated  in  Table  IjXI.  All  of  the 
requirements  of  these  pressure  tests  were  met  for  both  the  collapsible 
and  suction  hoses.  The  diameter  and  weight  of  the  hoses  were  checked, 
and  the  collapsible  hose  was  slightly  above  the  desired  1 lb. /ft. 
requirement.  Since  identical  compounds  were  used  in  the  tv;o  hoses, 
adhesions  were  determined  on  the  collapsible  hose  only.  Both  before  and 
after  filling  with  fuel,  the  adhesion  values  were  belov;  Lhe  desired  10 
lbs. /in.  Crush  resistance  on  the  suction  hose  was  satisfactory. 

Remaining  test  results  from  American  Biltrite  are  summarized  in 
Table  LXTT,  These  tests  v;ere  performed  on  the  cvallapsible  hose  only, 
and  results  should  be  identical  for  the  suction  hose.  Tensile  strengths 
of  both  t'.j'oe  and  cover  '-’ere  below  specification  and  lovrer  than  expected  from 
tests  prior  to  hose  building.  Oncq  again,  the  tube  section  v/is  not  cured  -'S 
tightly  as  the  cover,  otress-strain  measurements  after  immersion  in  Type  II 
Fluid  of  TT-S-735  "-nd  distilled  v;-. ter  (l60'^F)  indicated  marginal  retentions 
of  vulcanizate  properties.  Rather  surprisingly,  the  covei"  stock  which  con- 
tains the  polybutadiene  showfed  better  retention  of  p'riysical  properties  after 
l4  days  in  the  Type  IT  Fluid.  Volume  increases  and  weight  changes  in 
Type  II  Fluid  were  within  specifications.  One  tost  result  that  was  very 
bothersome  was  the  high  existent  gum  value.  This  prompted  some  further 
examinations  in  the  Firestone  Laboratories  which  v;ill  he  discussed  shortly. 


- 30  - 


No  cracking  or  checking  of  cover  stock  was  observed  after  the  required 

ozone  exposure,  and  retention  of  stress-strain  properties  after  accelerated 

vfeatherin?;  was  excellent.  Tnc  low  temnsrature  rrorerties  of  the  tube  and 

cover  stock  were  satisfactory  an  evidenced  by  the  brittleness  test  and  the 

Gehman  test  results  (Table  LXII).  The  Gehrean  values  were~68-69^F  and  G 

5 

values  at  -55‘^C  were  4^9-700  psi. 

To  chock  that  no  problems  were  incurred  during  large  scale  mixing  and 
calendering,  some  excess  stock  from  the  hose  building  was  press-cured  and 
tested.  Stress-strain  properties  show  a glaring  difference  from  those 
obtained  on  hose  samples  (Table  LXII I).  Tensile  strengths  are  close  to 
meeting  the  1500  psi  specification  and  lOO^a  modulus  in  the  tube  stock  is 
more  than  tv/ice  that  observed  on  a sample  taken  from  the  hose.  Retentions 
of  stress-strain  properties  after  aging  in  Type  II  Fluid  of  TT-S-735  were 
also  much  better  for  those  cress  cured  stocks.  Requirements  were  easily 
met  for  these  fluid  aging  studies. 

Due  to  the  extremely  high  levels  of  existent  gum  found  in  American 
Biltrite's  testing,  we  repeated  these  tests  at  Firestone.  Utilizing  the 
diced  sample  technique,  <a  value  of  60  mg/100  ml  w-s  observed.  Use  of  a 
14"  length  of  hose,  hov/ever,  yielded  l880  mg/lOO  ml.  The  latter  level, 
confirming  American  Biltrite's  results,  prompted  an  investigation  of  the 
residue  from  the  existent  gum  test.  It  was  found  that  the  residue  con- 
sisted of  two  liquid  layers.  The  two  phases  v.-ere  separated  and  analyzed 
by  NMP.  The  upper  layer  showed  chemical  shifts  at  6.9i  ^ « ^*.12  and 
0.78  / indicative  of  the  aromatic  and  aliphatic  hydrocarbons  of  the  fuel 
mixture.  Also  cresent  was  a broad  peak  at  3* 95  6 indicative  of  the 
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methylone  protons  adjacent  to  oxygon  and  present  in  pendant  groups  of  our 
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modified  PMF^.  Those  same  peaks  v;ere  evident  in  the  NMP  of  the  lower  layer 
except  that  the  peak  at  3.95  ^ was  greatly  increased.  Also  evident  v;ere 
peaks  at  5.65  6 and  6.0  6 indicative  of  the  terminal  proton  in  our 
fluoroalkoxy  pendant  groups.  The  upper  phase  of  this  residue  was  fay  far 
the  major  constituent. 


DISCUSSION 


✓ 


The  basic  probletn  in  this  study  was  to  take  an  inherently  good  low 
temperature  rubber,  our  modified  phosphonitrilic  fluoroelastomer  (PNF^-LT) 
and  produce  fuel  hose  from  it  while  maintaining  the  good  low  temperature 
properties.  Thus,  the  problem  was  one  of  developing  PNF^-LT  compounds 
which  satisfied  requirements  for  hose  building  while  still  maintaining 
good  low  temperature  properties  and  fuel  resistance. 

The  key  requirements  for  compounds  utilized  in  the  fabrication  of 
collapsible  and  suction  type  fuel  hoses  are  enumerated  below: 

1.  Must  be  calenderable  — compounds  must  release  well  from  mill 
rolls  and  possess  sufficient  tear  strength  to  resist  damage  to 
stock. 

2.  Must  have  building  tack  — calendered  sheets  will  be  built  up 
from  several  plies  and  green  stocks  must  stick  slightly  to 
facilitate  this  operation. 

3.  Must  resist  null  dovrn  of  fabric  and  wire  reinforcement;  here 
again,  good  green  sti^ength  is  necessary. 

h.  Must  have  good  adhesion  — layers  of  rubber  and  reinforcing 
fabric  must  adhere  well.  With  design  of  hose  utilized,  this 
is  accomplished  by  good  adhesion  of  rubber  to  fabric  and  by  good 
tear  strength.  The  latter  factor  is  important  because  of  the 
fabric  braid  pattern  which  permits  significant  strike  through  of 
rubber. 
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wear  and  tear;  thus,  high  modulus,  tensile  strength  and  tear 
strength  are  desirable. 

6.  Good  release  of  hose  from  the  mandrel  — this  should  be  accom- 
plished primarily  through  use  of  mandrel  lubricants. 

The  mandrel  release  and  building  tack  were  not  of  great  concern  in 
initial  approaches  to  the  problem.  Hence,  our  initial  goals  were  to 
develop  compounds  which  processed  well  on  rubber  mills  and  showed  good 
green  strength,  tear  strength  and  normal  stress-strain  properties.  The 
adhesion  problem  v/as  addressed  seoarately  and  only  after  the  above 
properties  were  realized. 

It  was  felt  that  realization  of  our  initial  goals  would  be  possible 
through  judicious  choice  of  reinforcing  agent.  Consequently,  major 
emphasis  was  given  to  evaluation  of  different  fillers.  As  pointed  out 
in  our  earlier  studies,  a major  restriction  in  these  investigations  was 
the  fact  that  the  filler  type  did  influence  low  temperature  performance. 
The  more  highly  reinforcing  or  small  particle  size  fillers  were  detri- 
mental to  low  temperature  flexibility. 

A major  processing  problem  with  our  first  large  batch  of  PNF^LT 
was  overcome  by  heat  aging  of  the  polymer.  Apparently  these  high  DSV 
products  possessed  too  much  nerve  for  good  mill  processing  or  calender- 
ing. The  300°F  treatment  for  6-10  hours  reduced  the  nerve  of  the  rubber 
and  resulted  in  greatly  improved  processing. 

With  the  improved  inherent  low  temperature  flexibility  of  the 
PflF^T-LT,  v/e  felt  that  it  might  be  possible  to  withstand  some  losser 
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in  low  temperature  performance  from  the  use  of  more  highly  reinforcing 
fillers.  Hov/ever,  it  v;as  found  that  ISAF  and  HAF  type  blacks  at  the  JO 
phr  level  produced  unsatisfactory  low  temnerature  flexibility.  Reduction 
of  the  level  of  these  type  blacks  resulted  in  poor  mill  processing. 

The  best  reinforcing  agent  found  was  FEF  black  at  JO  phr  level. 

With  this  compound,  we  attained  satisfactory  processing,  adequate  green 
strength  and  stress-strain  properties  while  maintaining  good  low 
temperature  flexibility  and  fuel  resistance.  Although  tensile  strength 
was  below  specifications,  it  was  felt  that  the  low  temperature  properties 
and  processibility  of  this  compound  gave  it  preference  over  any  other 
formulations.  A couple  of  other  black  compounds,  the  FEF-ISAF  combina- 
tions at  25  phr  and  the  Shawinigan  formulation,  v/ere  closest  to  the  FEF 
in  overall  properties. 

A major  deficiency  of  the  FEF  compound  was  low  tear  strength;. 

Other  formulations  with  improved  tear  did  not  meet  low  temnerature 
specifications.  Teflon  S-A  was  found  to  improve  tear  resistance 
significantly,  but  it  also  produced  a serious  delamination  problem. 
Attempts  to  eliminate  the  delamination  difficulties  failed.  To 
optimize  our  FEF  compound,  we  tried  to  maintain  elongation  at  break 
above  15'^?^- 

In  our  hose  building  trials,  it  was  fotmd  that  building  tack  was 
very  good,  adhesion  of  tube  and  covct  to  inner  dies  was  marginal  and 
release  of  the  hoses  from  the  mandrel  was  difficult.  The  mandrel 
release  problem  was  solved  through  use  of  better  lubricants  such  as 
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controllini^  the  fluorine  content  and  the  b'l lance  between  low  temperature 
flexibility  and  fuel  resistance. 


Use  of  a production  size  Banbury  and  rubber  mill  caused  no  unusual 
problems.  A Banbury  mix  of  23^  lbs.  of  stock  was  completed  in  6 minuter 


and  produced  a uniform  compound  with  no  loose  black  evident.  Peroxide 
and  polybutadiene  (to  cover  stock)  were  added  to  the  formulations  on  a 
mill,  and  this  operation  showed  that  these  comrounds  could  be  handled 
readily  on  a p’-oduction  size  mill.  The  entire  batch  was  then  converted 
to  calendered  sheets  of  desired  size.  Althouf^h  required  lengths  ware 
obtained,  some  holes  were  later  found  in  the  siieets  and  were  caused  by 
occasional  sticking  of  stock  to  the  top  roll.  The  sticking  was  only  slight 
and  sporadic  so  that  only  a small  improvement  in  calender  release  would 
probably  rake  this  ooer.ation  free  of  any  difficulties. 

The  building  of  both  collapsible  and  suction  hoses  proceeded  very 
well.  The  few  holes  rroduaed  during  calendering  were  mended  by  covering 
v;ith  some  excess  stock.  B’uilding  tack  and  green  strength  of  the  compounds 
were  good.  Fol.lov»ing  steam  cures,  all  lengths  of  hose  released  reasonably 
v:ell  from  the  mandrel. 

Hydrostatic  pressure  tests  showed  the  hose  construction  of  both  tynes 
of  hoses  to  be  sound.  Also,  the  major  objective  of  maintaining  good  low 
tenperaturo  flexibility  v;as  achieved.  Ozone  -and  weathering  were  also  good. 


Volume  increases  in  Type  II  Fluid  of  TT-S-735  were  within  specific-ations, 
but  existent  gum  content  of  fuel  contained  in  the  hose  for  seven  days  was 
quite  high.  High  levels  of  fuel  components  were  evident  in  the  residue 


from  the  existent  gum.  test  and  make  the  validity  of  our  results  questionable. 
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cc::cLiisior:s 

A.  modified  phosphonitrilic  fiooroelostor.er  hos  been  utilized  to 
produce  coll'ipsible  end  suction  tyre  Arctic  fuel  hoses.  Bused  on 
brittleness  nnd  Gehman  tests,  these  hoses  showed  pood  flexibility  at 
-7G'’F.  Both  types  of  hoses  exhibited  excellent  dimensional  stability  and 
physical  strength.  In  fact,  it  appears  that  a reduction  in  fabric,  which 
would  improve  flexibility,  is  feasible.  Fuel  resistance  was  generally 
good  except  for  some  questionable  existent  gum  test  results  on  our  final, 
large  lengths  of  hose. 

The  modified  PNF  compounds  can  bo  hiandled  quite  v;ell  in  factory 
equipment,  and  it  was  shown  that  large  lengths  of  hose  could  be  made- 
B'lnbury  and  mill  mixing  proceeded  very  smoothly.  Considerable  lengths 
of  mjiterial  v/ere  calendered  during  the  course  of  this  v/ork.  It  appears 
that  v;e  are  on  the  borderline  for  very  good  processing  on  a calender. 
Occasionul  sticking  of  compounds  so  calender  rolls  caused  some  difficulties 
A slig>it  improvement  in  release  wculd  alleviate  all  problems. 

Although  the  modified  has  improved  low  temperature  flexibility, 

it  w'as  found  that  highly  reinforcing  filters  still  could  not  be  utilized 
because  of  detrimental  effects  on  desired  low  temperature  flexibility. 

With  larger  particle  size  fill^'cs,  such  '-3  vyy  black,  good  lov;  temperature 
rroporti«.s  v/ere  achieved,  but  onl marginal  tensile  and  tear  strengths 
resulted.  With  the  particular  hose  design  utilized,  the  lov;  tear  strength 
resulted  in  poor  adhesion  between  tube  and  cover  to  inner  plies. 


RECOMMENDATIONS 


The  compound  developed  in  this  work  processed  well,  could  be  utilized 
in  large  scale  hose  irnnufacture  and  exhibited  good  low  tenoera.ture 
flexibility.  Thus,  ma.ior  objectives  were  realized.  However,  other 
important  area  may  require  improvement  and  should  be  focal  points  for 
future  studies.  First  of  all,  both  tensile  and  tear  strength  of  our 
basic  FEF  compound  should  be  increased.  A study  of  various  additives  to 
the  basic  FEF  formulation  should  be  made. 

In  large  scale  production,  the  use  of  an  extruded  tube  could  be 
beneficial.  Extrudability  of  the  good  low  temperature  compounds  of 
modified  PNFl*  should  be  examined.  For  future  large  scale  calendering 
operations,  a slight  improvement  in  calender  release  vjould  greatly 
facilitate  this  operation.  Various  mill  release  agents  should  be  added 
to  the  FEF  compound  and  evaluated.  Finally,  the  painting  of  a solution 
of  PNF^  compound  unto  fabric  greatly  slows  rate  of  hose  nroduction. 

An  alternate  for  this  operation  should  be  sought. 

Since  dimensional  stability  and  strength  of  all  hoses  were  very  good, 
a hose  containing  less  fabric  should  be  evaluated.  Such  a hose  should 
possess  greater  flexibility. 

Because  of  the  presence  of  presumably  low  molecular  weight  PNF^ 
in  the  existent  gum  residue,  future  syntheses  of  these  polymers  should 
exclude  any  low  molecular  weight  snecies. 
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Modified  PNT’^,  PNF^-LT 


KgO 

Stabilizer 
Vulciip  R 
Vulcuo  'tOKE 

Teflon  8A 
Polybutodiene 

Shawinigan  black 


GL03SAPY 

nhonphonitrilic  fluoroelastor.er  containing 
pendant  fluoroalkoxy  gro’.ips.  iSurplied  by 
Pi  restone. 

a rhosphonitrilic  fluoroelastomer  with 
reduced  fluorine  content. 

Stan  Mag  SLC. 

Zinc  bis(8-oxyquinolate). 


^ -bis  ( t-but. vice  roxy)di  isopropylbenzene). 

a dispersion  of  Vulcuu  R on  Burgess 

40KE  provided  by  Flercules. 

fibrous  Teflon  supplied  by  DuPont. 

HD-35»  a 55  Mconey  viscosity  polymer 
supplied  by  Firestone. 

black  made  from  acetylene  gas  and  supplied 
by  Gulf  Oil  C'>nada  Limited. 


I 


TABLE  I 


PHYSICAL  propp:rties  of  pnf^lt  compoui;ds  and  paw  pqlyt^er  analyses 


Batch  No.  PP? 

-10159 

-10165 

-10206 

-10208 

Grec 

Physical  Pronerties 

100^  Modulus,  psi 

455 

570 

575 

615 

Record 

Tensile,  psi 

1045 

1110 

1000 

1050 

1500 

Ult.  Elongation,  % 

l6o 

150 

165 

145 

150 

Gehman  T..  (°F) 

-67 

-70 

-75 

-77 

-75  - 5 

G (-70°F^  (psi) 

319 

278 

257 

145 

500  max. 

Raw  Polymer  An<alyses 

D5V 

7.29 

6.78 

3-94 

3.39 

% Gel 

0 

0 

0 

0 

% c^* 

65.4 

ND 

62.3 

59.6 

19.0 

ND 

22.5 

27.0 

% C^* 

14.5 

ND 

13.8 

12.5 

Wt.  % Cure  Site 

1.24 

1.16 

0.71 

0.76 

V/t.  Na 

0.093 

0.15 

0.023 

0.042 

Wt.  % Cl 

0.090 

0.1 '4 

0.035 

0.031 

Tg  °C 

-78.5 

-77.5 

-79.0 

-79.5 

Wr,.  %Y*‘ 

45.6 

KD 

46.5 

43.1 

• Mole  % of  pendant  groups  determined  by  NMR. 

* ’Determined  on  the  b'lsin  of  pendent  group  .analyses  (NMP). 
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p:PPJi;CT  OP  BLACK 

OH  PROCES 

SIIIG  /JID 

PHYSICAL  PROPERTIES 

Stock  R197 

-300 

-301 

-302 

FEP  Black 

20 

30 

ho 

50 

Mixincr  Evaluation 
nixing 

Fair 

Fair 

Good 

Good 

Dump  Black  Loose 

Good 

Good 

Good 

Dump  Time,  min. 

7 

8 

9-1/2 

8 

Milling 

Sticky 

Won’t 

band- 

Lacey 

Fair 

Good 

Calend enable 

ilo 

No 

Maybe 

Yes 

Physical  Properties 

Bormal  Stress-Strain  - 

Cured 

0 340‘=’F 

100;r  Modulus , psi 

956 

705 

975 

1050 

Tensile,  psi 

975 

1270 

1050 

1050 

Ult.  Elongation,  ^ 

130 

l4>-0 

110 

100 

Shore  "A”  Hardness  - Cured  40*  0 14-0‘^F 

64 

48^ 

56 

77 

Compression  Set  (70  hrs 

. ^ PxT)  - 

Cured  ^lO’ 

340®P 

/i  Sot 

10.4 

I4.v 

' 19.7 

23.7 

Crehr>aTi.  T..oir  Temn,  Proper 

ties  - Cur 

•ed  14’  (3 

T5, 

G,  FvT,  psi 

-70 

62 

-68 

88 

-59 

132 

G,  psi 

205 

304 

490 

1109 

Formula : 100  polymer . 

black  as  sho'-n,  6 I 

IgO,  2 Stablliiier, 

0.4  Vulcup  H. 

- U4  - 


i 

i'  ^ 

} 

i 

j 

i 


] y 


TABLE  III 


EFFECT  OF  BL/iCK  LEVEL  /JID  TYPE  V/uRIATIOH 
OH  PBOGESSIIIG  /j;P  PROPEETIEO 


Stock 

R197 

=291 

-306 

-307 

-203 

-309 

=m. 

Block 

FE5' 

50 

- 

- 

— 

30 

GPF 

- 

- 

30 

4o 

50 

MT 

- 

- 

- 

- 

- 

20 

ILrximp:  Evaltiatlon 


Mixing 

Good 

Good 

Fair 

Good 

Good 

Good 

Dvunp 

Good 

Good 

Good 

but 

dry 

Good 

Good 

Good 

Dump  Tine,  min. 

91- 

10 

10 

10 

lG?r 

10 

Milling 

Fair- 

Fair 

Won  * t 

VIon’t 

Won’t 

Won’t 

Good 

band 

band 

band 

band 

CalonderablG 

Yes 

Maybe 

Ho 

ITo 

Ho 

No 

Physical  Pronerties 

iJoriial  Gti'o so -Strain  - Cure 

id  35*  P 340 

1003  Modiilus,  psl 

1390 

1220 

1070 

1300 

l4io 

— 

Tensile,  prd 

1390 

1380 

1160 

1490 

l480 

1300 

Bit.  Elong,,  % 

100 

120 

no 

no 

no 

90 

Shore  "A"  Hardness 

- Cured 

40»  0 340 '"F 

76 

72 

5^:- 

63 

72 

67 

Foynvula : 100  polymar,  Black  as  sho-.'n,  6 EgC*  2 Stabilizer, 

0,*^  Vulcup  II, 
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TABLE  IV 


EFFECT  OF  HAF  BLACK  OH  PROCESSING 


Stock  R197 

311 

316 

31Z 

HAF  Black  level 

30 

4o 

50 

Physical  Properties 

Mix  Evaluation 

Mixing 

Poor 

Good 

Good 

Dump 

Crumbly 

Good 

Good 

Dtimp  Time,  min. 

lOi- 

16 

11 

Milling 

Poor 

Lacey 

Lacey 

Calenderable 

No 

No 

No 

Normal  Stress-Strain 

- Cured  3‘>* 

@ llf0*»F 

100^  Modulus,  psi 

low 

1220 

1200 

Tensile,  psi 

10^+0 

1520 

1370 

Ult.  Elongation,  % 

100 

120 

110 

Shore  "A"  Hardness  - 

Cured  40»  <3  l40^F 

67 

70 

82 

Gehman  Low  Tertro.  Properties  - Cured  '^'5*  (3 

3ifO®F 

T^,  ®F 

-65 

-60 

-W 

G?  RT,  psi 

132 

125 

251 

G,  -55®C,  psi 

612 

804 

3269 

Formiila:  100  Polymer,  Black  as  shown,  6 MgO,  2 Stabilizer, 

0,6  Vulcup  K, 
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TABLE  V 

^ EFFECT  OF  AUSTIN  BIACK  ON  PROCESSING 

r330  r33i 

30  ^0  4o 

20  10  20 


stock  H197 

FEF  Black  level 
Austin  Black  level 


Physical  Properties 

Mixing  Evaluation 

Mixing 

Dump 

Milling 

Calenderable 
Torque  @ Drunp  (m-gms.) 


Good 

Good 

Good 

Good 

Good 

Good 

Won*t 

Band 

Poor 

Fair 

No 

No 

Marginal 

3990 

3920 

3850 

Normal  Stress-Strain  -•  Cured  3^^  (3  "^40**? 

100^  Modulus,  psi - 

Tensile,  psi  102?  10?0  9^? 

Ult.  Elongation,  ^ 95  95  80 


Shore  "A"  Hardness  - Cured  40*  ^40**F 

70  7^  76 


Gehman  Low  Temneratiire  Properties  - Cured  3?*  ^ 34o**F 
op  I r 1^9 

G:  RT,  psi  - - 18? 

G,  ~55*C,  psi  - - 132^ 


Formula:  100  Polymer,  Black  level  as  shown,  6 MgO, 

2 Stabilizer,  0.4  Vulcup  R. 
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TABLE  VI 


EFFECT  OF  HFAT  TREAT?  1E?IT  ON  PROCESSING 


Scoclc 


Fer.tin’e 


Mixing  Evaluation 

Mixing 

Dump 

D\mp  Time,  min. 
Milling 


Calenderable 


R197 


-30V 

Control 


Fair 

Good 

7-1/2 

V/on*t 

band- 

Lacey 

NO 


=2Q5. 

Heat  Treated 
Polymer  (1  hr. 
Q 300®F) 


Fair 

Good 

7-1/2 

Vton*  t 

band- 

lacey 

NO 


Physical  Properties 

Normal  Stress -Strain  - Cured  39*  O '^.Vo^F 
*100j''ri-Iodulu3 , psl  900 

Tensile,  psi  900 

Ult,  Elongation,  ^ 100 

Shore  **A”  Hardness  - Cured  ■:?  l^i-O^F 


1040 

1229 

110 


Fornmla:  100  Polymer  as  shovm,  30  Fti5’,  6 MgO,  2 Stabilizer, 

O.V  Vulcup  R. 


riFFBCa.^  OF  STEARIC  ACTD  ON  PROCESS XHG 


Ili.yj.nr?  Evaluation 
i'lisdns 

Drunp 

DtaiiTJ  Tine,  min. 

Milling 

Calen-ierable 


Good 

Good 

9 

Excellent' 

Yes 


Good 

Good 


Good 

Good 


Good 

Yes 


Stock  nas  softer  than  R19731^  probably  too  soft  to  build 
suction  hose. 


Formula.;  100  poljuaer,  ?0  FEP,  Stearic  Acid,  MgO,  and  ZnO 
shovm. 
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TABLE  VIII 

EFFECT  OF  STEARIC  ACID  AS  A PROCESSIIIG  AID 


Stock  R197 

-318 

-321 

x322 

-323 

Black  level 

30 

4o 

4o 

Stearic  Acid  level 

2 

2 

1 

0. 

Phvsical  Prouerties 

Mix  Evaluation 

Mixing 

Good 

Good 

Good 

Good 

Dump 

Good 

Good 

Good 

Good 

Milling 

Lacey  Lacey 

Lacey 

Lacey 

Calenderable 

No 

No 

No 

No 

Torque  Dump  (m-gms. 

) ■ 3000 

3750 

3500 

3500 

Normal  Stress-Strain 

- Cured  35‘  0 3^0®F 

100^  Modulus,  psi 

if  8 5 

875 

920 

Tensile,  psi 

1250 

1250 

1360 

1465 

Ult.  Elongation,  % 

190 

150 

150 

110 

Shore  "A"  Hardness  - 

Cured  40»  P ^^O^^F 

57 

67 

65 

68 

Formula:  100  polymer,  FSF  Black  and  Stearic  Level  as  sho-wn, 

6 MgO,  2 Stabilizer,  0,^  Vulcup  R, 
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TABLE  IX 

KPERCT  OF  I.0;TBR  PEROXIDE  LEVEL  ON  PHYSICAL  PROPERTIES 


Stock 

R197  =2^ 

=211 

-312 

Peroxide  Level 

0.4 

0.3 

0.2 

Physical  Properties 

Normal  Stress-Strain 

- Cured  lUO^P 

100/5  Modulus,  psi 

1285 

1000 

760 

Tensile,  psi 

1285 

1200 

930 

Ult.  Elongation,  $ 

100 

120 

130 

Shore  ”A**  Hardness  - 

Cured  4o»  (3  840®F 

79 

7? 

73 

frfthman  Lrvw  Temperature  Properties  - Cured  .'H5* 

B 340®F 

T^,  °F 

-51 

-54 

G,  RT,  psi 

215 

175 

l48 

G,  psi 

1946 

1492 

1225 

Formula;  100  polymer,  ^0  FEF,  6 MgO,  2 Stabilizer,  Vulcup  R 
as  sho\m. 


i 


TABLE  X 


EFFECT  OF  SILICA  ON  PROCESSING 


Stock  R197 

Quso  VJH-82  Silica 

25 

30 

3? 

MiTine  Evaluation 
Mixing 

Good 

Good 

Good 

Dump 

Good 

Good 

Good 

Milling 

Lacey 

Lacey 

Lacey 

Calenderable 

No 

No 

No 

Torque  @ Dump  (m-gms.) 

2400 

2400 

2500 

Formtila:  100  Polymer,  Silica 

0,^-  Vtilcup  K. 

as  shown, 

6 MgO,  2 

Stabilizer 

1 
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Physical  Prot)ejties 


TABLE  XI 

HEAT  TREATED  POLYl'IER 


Stock  R197 

Heat  Treatment  — 
in  forced  air  oven 

16  hrs. 
250®? 

16  hrs. 
@ 

275*F 

16  hrs. 
290*F 

16  hrs, 
302®F 

hrs 

302®F 

Mixing  Evaluation 


[ . Mixing 

Good 

Good 

Good 

Good 

Good 

u i Dump 

Good 

Good 

Good 

Good 

Good 

! Dump  Time,  min. 

9 

8 

9 

9 

10 

Milling 

Good* 

Good* 

Good 

Good** 

Good 

: Calenderable 

Marginal 

1-Iarginal 

• Yes 

Yes 

Yes 

Viscosity  @ Dump 

M-250 

3250 

2850 

2750 

2800 

) (m-gms.; 

Normal  Stress-Strain  - 

Cured  35 

0 34o®f 

100^  Modulus,  psi 

1330 

12if0 

Tensile,  psi 

1330 

1240 

880 

930 

1210 

Ult.  Elongation,  % 

¥ • 

100 

100 

75 

80 

90 

h 1 Shore  "A”  Hardness  - Cured  Uo*  (3  ^40®F 

60 

63 

- 

65 

64 

1 ! Gehman  Low  Temnerature  Prons.  - 

Cured  35* 

^ 340 ®F 

1 1 ®F 

-72 

-67 

-72 

-70 

r ' G;  RT,  psi 

85 

104 

116 

131 

117 

G,  -55‘»c,  psi 

i 

340 

392 

587 

519 

509 

1 Formula:  100  Polymer 

(heat  treated  as  shown) , 30 

FEF,  6 MgO, 

; j 2 Stabilizer 

, 0.^  Vxacup  R. 

* Small  Bank  on  mill,  cool  rolls. 
**Probably  too  soft  'to  biiild  suction  hose. 


These  were  5 batches  mixed  in  a Banbur^’'  Mixer  (Type  B)  and 
blended  for  hose  fabrication. 
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TABLEJCIII 

DIMENSI OTTS  OF  STOCK  FOR  HOvSE  FABRICATION 


Snotion  Hone 

Tube 

13.625"  X .050' 

Inner  Plies 

7.625"  X .037" 
8.125"  X .037" 

Cover 

16.875"  X .050 

Discharge  Hose 

Tube 

13.375"  X .037 

Inner  Ply 

7.375"  X .015" 

Cover 

15.125"  X .037 
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TABLE  XIV 


TEST  PFSULTS  ON  SUCTION  HOSE 


Thft  following  tests  were  performed  by  American  Biltrite  on  the  first 
suction  hose  built  on  November  5»  1975*  Al]  tests  are  compared  to  standards 
specififtd  in  Purchase  Description  of  this  contract  and  in  HIL-H-370C. 


Test 

Inside  Diameter 
Outside  Diameter 
Hydrostatic  Proof 
125  psi 

Minimum  Burst 

Original  Tube  Tensile  Strength 
Original  Tube  Elongation 
Original  Cover  Tensile  Strength 
Original  Cover  Elongation 


Standard 

Test  Res’ 

2"  - 1/16" 

2" 

2.656  - .062 

2.60 

No  Leaks  3 100  psi 

No  Leaks 

Max.  Twist  7°/ft. 

. No  T-wist 

- Length  Change 

+ 1.315^ 

200  psi  Min. 

750  psi 

1500  psi  Min. 

960  psi 

150?^  Min. 

140^ 

1500  psi  Min. 

950  psi 

150?^  Min. 

110^ 

70  hrs,  Q - Reference  Fuel  B 

Tube  Tensile  Strength 
Cover  Tensile  Strength 
Tube  Elongation 
Cover  Elongation 

Adhesions  ( Original ) 

Tube  to  Ply 
Cover  to  Ply 

Adhesions  (ASTM  jj-b  Oil) 

Tubs  to  Ply 
Cover  to  Ply 


600  psi  Kin.  803  psi 

600  psi  Min.  770  psi 

1005*;  Min.  100?5 

100:^  Min.  1009^ 


1"  Max.  senaration  3A" 

Under  10  lb.  Load  9/l6" 


1"  Max.  seraration  3/^P' 

Under  6 lb.  load  7/8" 


Volume  Increase  - 70  hrs.  d 73°F  - Reference  Fuel  B 


605^  Max, 
100!^  Max. 

Shore  "A"  Hardness 


Tube 

Cover 


Tube 

Cover 


18.8^ 

18.8?; 


56 

60 
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1 Strer.s-stra in  - nress  cured  33*  Q 3Z0 


73'’?  in  Tyr)»  II  Fluid 


StresK-str'iin 


% Potent  ion 


100/  Modulus,  psi 

780 

650 

— 

Tensi 1 e , psi 

1110 

860 

77.3 

60 

Ult.  Elong. , / 

I'tO 

125 

89.5 

80 

Aged  Stress-Strain  - 

14  days  3 73'’F 

in  Tyre 

IT  Fluid 

Cont rnl 

Aged 

/ Retention 

Srec 

100/  Modulus,  nsi 

880 

700 

. ^ 

Tensile,  nsi 

1130 

840 

74.5 

60 

Ult.  Elong.,  / 

140 

125 

89.5 

80 

Aged  Stress-strain  - 

l4  days  in  distilled  H. 

,0  i6o°f 

Control 

c 

Aged 

/ Retention 

Srec 

100/  Modulus,  psi 

910 

770 

_ ^ 

Tensile,  psi 

1100  ' 

9-40 

85.5 

80 

int.  Elongation,  / 

120 

140 

117 

80 

• K)8i61  he-! tod  8 1/2  hrs.  9.  302'’F. 

*•  A control  from  the  same  slab  was  tested  with  each  aged  sample. 


TABLE  XV 


PPOPEPTIEi:  ON  STOCK  IN  FTPCT  HOSE  BUILD 


Cnntro ! 


Fo  rraula 


1009o  Modulus,  psi  75'^ 

Tensile,  psi  1120 

Ult.  Elongation,  % 150 

Aging  in  Solvents  - press  cured  (35'/3<^f^°F)  samples 


K18i61-302A* *• 

FEE  Black 
MgO 

Stabilizer 
Vulcun  R Peroxide 


Physical  Pronertios 


100 


r 


TABLE  XV  (CON'TINU 

ED) 

PPOPEPTIEB  ON  STOCK  IN  FIP 

ST  HOSE 

BUILD 

R197  -369 

Volume  Chan,-^o 

Type  IT  Solvent 

Sample 

Spec 

94  hrs.  @ 73”P’,  % c'mnpie 

19.8 

4n 

l4  d-iys  (3  75''f'»  % ch^n,r;e 

18.5 

40 

Distilled  H_,0 

14  d'>ys  C3  l60°F,  % chonge 

10.9 

15 

42  days  @ l60°F,  % change 

Not 

Completed 

V.'eight  change 

Type  II  Solvent 

Ssirr.T)  Lo 

Spec 

94  hrs.  @ 73°F,  % change 

2.1 

5 

l4  days  @ 73°F,  % change 

1.1 

5 

Distilled  H^O 

<_ 

14  days  @ l60°F,  % change 

-1.2 

5 

42  days  @ l60'’F,  % change 

Not  Completed 

Gehman  Lovr  Temiaerature  Properties  - Cvired 


T5,  "F  -65  -69 
G @ RT,  psi  99.0  96.0 
G @ -55*C,  psi  524.5  406. 0 


82?? 


408.4 


Recipe;  100  Heat  treated  polymer,  30  FEF,  6 MgO,  2 Stabilizer, 
Vu^cup  R peroxide  as  shown. 
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; TABLE  XVII 

EVAIHATION  OF  DIFFERENT 

PEROXIDE 

TYPES 

1 

i R197  -369 

--370 

■=371 

zi322 

1 

Peroxide  Type 

Vulcup  R 0.4 

_ 

Dicup  40C 

1.6 

Vulcup  40KE 

1.0 

_ 

Luperco  230XL 

- 

1.7 

j Physical  Properties 

Monsanto  Rheometer  P ^?0®F. 

1®  Arc,  100  RPM 

! Scorch  (2  unit  rise)  6.0 

578 

3,2 

! min. 

■ 90^  Cure,  min,  38.0 

24.3 

39.8 

11.7 

! Torque  (min.),  9,8 

9.1 

9.1 

10.9 

dn»m 

Torque  (90>  Cure),  20.6 

18.1 

19.9 

18.9 

dn»m 

■ Torque  (100%  21.8 

19.1 

21.1 

19.8 

Cure) , dn»m 

Normal  Stress-Strain  - Cured 

39»  0 320 

op 

100%  Modulus,  psi  770 

V6'5 

740 

800 

Tensile,  psi  1260 

1190 

1170 

1210 

Ult.  Elong.,  % 150 

Trouser  Tear  0 RT  - Cured  39 

160 

' @ 320®F 

l4o 

i4o 

' lbs. /in.  11 

11 

11 

10 

Gehman  Low  Temp.  Prouerties 

- Cured  39 

t ^ ^20®F 

] RT,  psi  ' 

85^? 

-71 

77.9 

; G @ -55*’C,  psi 

390.8  320.5 

273.9 

J 


Recipe;  100  Heat  treated  polymer,  30  FEF,  6 KgO,  2 Stabilizer, 
Peroxide  as  shown. 


TABLE  XVIII 

EVALUATION  OF  SILICOrffi  AS  AN  ADDITIVE  IN  COVER  STOCK 
Stock  R197  -379  -380  -381 

Polymer  System 

K18161-302A*  100  95  92.5  90 

Silicone**  - 5 7.5  10 

Physical  Properties 


Mixing  and  Processing  Evaluation 


Mixing 

Good 

Good 

Good 

Good 

Dump 

Good 

Good 

Good 

Good 

Dimp  Time,  min. 

8 

9 

8 

8 

Milling 

Good 

VJon*t  Band 

Won’t  Band 

Won't  Band 

Calenderable 

Yes 

No 

No 

No 

Normal  Stress-Strain 

- Cured 

35*  @ 300®? 

100^  Modulus,  psi 

1150 

870 

800 

820 

Tensile,  psi 

1310 

1075 

975 

1010 

Ult.  Elongation,  $ 

120 

120 

120 

120 

Shore  ”A”  Hardness  - 

Cured  35*  <3  320®F 

63 

58 

57 

59 

* Heat  treated  KI816I,  8-|-  hrs.  <§  302®F 

**Union  Carbide  W-982  Silicone  Rubber, 

> 

-j 


TABLE  XIX 


EVALUATION  OF  POLYBUTADIENE  AlH)  EPDM  AS  ADDITIVES  FOR 
^TKE  COVER  STOCK 


R197 

Polymer  System 

ki8i6i-30^ 

EPDM 

Polybutadiene 


Physical  Properties 

Mixing 

Dump 

Dump  Time,  min. 

Milling 

Calenderable 

Normal  Stress-Strain 
lOOfo  Modulus,  psi 
Tensile,  psi 
Ult,  Elongation,  % 


:rl21 

-392 

-394 

100 

95 

90 

95 

90 

- 

5 

10 

5 

10 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

7 

10 

6 

8 

8 

Good 

Good 

Fair 

Good 

Good 

Yes 

Yes 

Marginal 

Yes 

Yes 

Cured  0 320°F 

1130  1000  1000 
1320  1075  1120 
120  110  105 


10|0 


1020 

60 


Recipe;  Polymer  as  shown,  30  FEF,  6 MgO,  2 Stabilizer, 
0.^  Vulcup  R 
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FUBL  DiFFusio:r  ratio  of  epd:t  cover  stock 


Stoclc  R197 

-^,^6 

rm 

-392 

Polymer  System 
KI816I-302A 

100 

95 

90 

EPDM 

— 

5 

10 

Physical  Prooerties 

Mix  Eva  Illation 

Mixing 

Good 

Good 

Good 

Dump 

Good 

Good 

Good 

Dump  Time,  min. 

7 

10 

6 

Milling 

Good 

Good 

Fair 

Calenderable 

Yes 

Yes 

Marginal 

Monsanto  Rheometer  @ 

120<»F. 

l°Arc,  100 

RPII 

Scorch  (minutes) 

. 7.1 

, 5.5 

5.3 

90^  Cure  (minutes) 

46.0 

44.0 

45.3 

Torque  (Min.),  dN*m 

1 

10.0 

11.0 

11.0 

Torque  (90^),  dK*m 

22.1 

29.0 

30.8 

Torque  (Max.),  dN*m 

23.4 

31.0 

33.0 

Normal  Stress-Strain 

- Cured 

320 

op 

100/^  Modulus,  psi 

1130 

~ 1000 

1000 

Tensile,  psi 

1320 

1075 

1120 

Ult.  Elongation,  % 

120 

110 

105 

Fuel  Diffusion  Rate 
Rate  - fl.  oz.  ft.~2 

.24  hrs 

0.94 

1.87 

2.87 

Diffusion  Ratio 

- 

1.99 

3.05 

Cover  Stocks  for  Opticiun; 
I'nel  Diffusion  Rate  Ratio 


Stock 

Polymer 

R1 97365 

R193625 

R1 98626 

R1 98627 

KI8I6I-302A 

100.0 

97.5 

97.5 

95.0 

EPDM 

— 

2.5 

— 

— 

K18315^ 

Mix  Evaluation 

— 

— 

2.5 

5.0 

Mixing 

Good 

Good 

Good 

Good 

Dump 

Good 

Good 

Good 

Good 

Milling 

Good 

Good 

Good 

Good 

Calenderable 

Monsanto  Rheometer 

(@  320°F,  1°  Arc, 
100  RPM) 

Yes 

Yes 

Yes 

Yes 

Scorch  (min. ) 

11.3 

12.6 

12.8 

17.8 

90^  Cure  (min. ) 

50.3 

45.8 

44.8 

44.3 

Torque  (min.),  dN  • m 

7.8 

7.9 

7.8 

6.8 

Torque  (90?9),  dN  • m 

13.1 

15.2 

12.4 

10.7 

Torque  (max. ) , dN  • m 
Normal  Stress-Strain 
(cure:  320°r) 

100^  M,  nsi 

13.7 

13.8 

12.9 

11.1 

35* 

560 

580 

451 

377 

45' 

Tensile,  nsi 

563 

616 

452 

478 

35' 

1020 

1000 

852 

738 

• 45' 

Ult.  Elong.,  % 

1038 

1038 

853 

768 

35' 

160 

155 

198 

205 

45' 

Fuel  Diffusion  Rate  Ratio 

135 

150 

190 

185 

Tube 

1,  A non-fluorinated  polyalkoxyphosphazene 

1.42 

• 

1.36 

1.74 

Recipe:  Polymer  as  shown. 

3OFEF,  6 MgO,  2 

stabilizer. 

0.2  Vulcup  R. 

» 
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TABLE  XXII 

EVALUATION  OF  TEFLON  8A  AI-ID  ITS  EFFECT  ON  TEAB  RESISTANCE 
R19.7.  -356  -382  -38^  -38'4-  -385 
Teflon  8A  0 2.5  5 7.5  10 
Physical  Properties 


Mixing  Good 

Dump  Good 

Dump  Time,  min. 

Milling  Good 

Calenderable  Yes 

Normal  Stress-Strain  - 


100^3  Modulus,  psi  110 
Tensile,  psi  II70 

Ult.  Elongation,  5?  110 

Shore  "A”  Hardness  - Cured  35' 


=35^ 

-382 

=3^ 

-384 

0 

2.5 

5 

7>5 

10 

iluation 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

- 

8 

7 

7 

5 

Good 

Good 

Fair 

Fair 

Fair 

Yes 

Yes 

No 

No 

No 

‘ @ 320®F 


Trouser  Tear  t?  RT 


lbs. /in. 


Crescent  Tear  (Die  B)  @ RT 


lbs. /in.  54 


Recipe;  100  Heat  treated  polymer,  30  FEF,  6 KgO,  Teflon  8A 
as  shcvn,  2 Stabilizer,  0.4  Viilcup  R. 


TABLE  XXII 


Evaluation  of  Teflon-8A  (Added  in  Brabendcr) 


Stock  R199 


Teflon-8A  (phr) 
Mix  Evaluation 


Mixing 

Dump 

Milling 

Calenderable 


Good 


Good 


Good 


Good 


Good 


Good 


Good 


Good 


Maybe 


Normal  Stress-Strain 


(cure : 320°F) 

1003^  M,  psi 


Ult.  Eloni 


Trouser  Tear  @ R.  T, 


70  hrs.  @ R.  T. 
(cure:  40'  Q 320°F) 


100  polymer  (K18i61-302A),  30  FEF,  6 MgO,  2 stabilizer 
0.2  Vulcup  R,  Teflon  as  shown. 


TABLE  XXIV 


Evaluation  of  Toflon-8A  and  Silicone  Oil 


Stock  R199 
Teflon- 8A^ 


Mix  Evaluation 


Mixing 

Dump 

Milling 


Good 


Good 


Good 


Good 


Good 


Good 


Good 


Good 


Normal  Stress-Strain 


Ult.  Elon, 


Shore  "A"  Ilardnes 


(cure:  40'  @ 320=>F) 


Dow  Corning  Fluid  (710) 

Recipe:  100  polymer  (K18i61-302A) , 30  FEF,  6 MgO,  2 stabilizer 

0.2  Vulcup  R,  Teflon  8-A  and  silicone  oil  as  shown. 


h 1 
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TABLE  XXV 

EVALIIATIOIT  0?  QUSO  Vm-82  SILICA  AS  A FILLER 


Stock 


R198 


Ouso  VJH-82  Silica,  phr 


-608 

20 


-60R 


25 


z6q2. 

30 


Physical  Properties 
Mix  Evaluation 


-606 

35 


Mixing 

Fair 

Fair 

Fair 

Fair 

Dump 

Loose  Pov^der  on  all 

Stocks 

Dump  Time,  min. 

10 

10 

10 

10 

Milling 

Sticky 

Good 

Good 

Good 

Calenderable 

Ho 

Yes 

Yes 

Yes 

Monsanto  Rheometer  Q 

I :^20®F.  i«Arc* 

100  RPM 

Scorch  (minutes) 

5.0 

3.9 

M-.O 

4.0 

90^  Cure  (minutes) 

37.6 

37.8 

38.8 

38.8 

Torqu.e  (mimites) , dl'T 

• m 5.3 

6.1 

6.0 

6.5 

Torque  ( 90 ) , dll  • m 

15.7 

22.2 

23.5 

26.7 

Torque  (Max),  dli.m 

16.8 

2V.0 

25.’+ 

28.1 

TTrii'rna']  Rt.7*c>';  c— Ct.T*5ii  n 

2 20  op 

100^  Modulus,  psi 

- 

— 

— 

Tensile,  psi 

84o 

960 

810 

820 

Ult.  Elong.,  % 

90 

90 

70 

60 

1 

Trouser  Tear  RT  - 

Cured  85'  (3  820 

OF 

Ibs/in 

3 

— I4. 

5 

- 

Recipe:  100  Kl8l6l-302il,  Filler  as  shovrxi,  6 MgO,  2 Stabilizer, 

OA  Vulcup  R 


i 
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TABLE  xyvm 


Evaluation  of  Potential  Promoters  of 
Adhesion  of  Rayon  to  PNFS*-300 


Stock 

R1 97363 

R1 98615 

RI98616 

PJL98617 

R1 98618 

RI98619 

Additive 

Normal  Stress-Strain 
(cure;  35'  @ 320«>F) 

None 

Cohedur 

RL 

Resorcinol 
+ Hexa 

Cymel  301 

Resorcinol 
+ Cymel  3OI 

Manobond  C 

100?^  M,  psi 

693 

859 

— 

471 

530 

533 

Tensile,  psi 

1070 

1067 

800 

651 

550 

777 

Ult.  Elong.,  ^ 

T-Adhesion  @ R.  T. 
to  Beaver  Rayon; 

(cure:  35'  @ 320°F) 

165 

135 

85 

155 

100 

190 

Ibs./in 

16 

15 

15 

13 

27 

8 

% coverage 

0 

0 

0 

0 

0 

0 

Recipe:  100  Kl8l6l-302A,  30  FEF,  6 MgO,  2 Stabilizer,  0.2  Vulcup  R,  all  additives  were 

used  at  2.0  phr  (for  combinations,  total  additive  = 4.0  phr). 
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TABLE  XXIX 


Evaluation  of  Various  Blacks  with 
Heat-Treated  Pol;v7ner 


Stock  R199 

-400 

-401 

-402 

-403 

-404 

Black 

Mix  Evaluation 

FEF 

HAF(LS) 

HAF 

SAF 

GPF 

Mixing 

Fair 

Fair 

Fair 

Fair 

Good 

Bump 

Good 

Good 

Good 

Good 

Good 

Milling 

Good 

Fair 

Good 

V.  Good 

Fair 

Calenderable 
Normal  Stress-Strain 
(cure:  35'  @ 320°F) 

Yes 

Iteybe 

Yes 

Yes 

Maybe 

1005^  M,  psi 

554 

740 

743 

519 

512 

Tensile,  psi 

1200 

1184 

1512 

1257 

1144 

Bit.  Elong. , % 

Shore  "A"  Hardness  (75°F) 

185 

130 

155 

205 

180 

(cure:  40*  @ 320»F) 

Comuression  Set 

47.5 

50.5 

54.5 

61.0 

40.5 

70  hrs.  @ R.  T. 
(cure:  40’  @ 320°F) 

Trouser  Tear  © R.  T. 

16.8 

19.2 

19.2 

34.9 

16.0 

(cure:  35'  @ 320°F) 

Gehman  Low  Temp.  Properties 

16.8 
--  cure: 

10.9 

35'  3 320 '■■F 

9.1 

34.1 

10.4 

m op 

-77 

-70 

-67 

-58 

-73 

G @ R.  T. , psi 

84.9 

72.4 

93.4 

122,9 

60.5 

G © -55®C,  psi 

198.9 

254.9 

386.2 

1006 

186.1 

i 

I 

j Recipe:  100  polymer  (K18161-502A),  JO  black,  6 MgO,  2 stabilizer,  0.2  Vulcup  R for  -40( 

I and  -4o4,  0.5  Vulcup  R for  -401,  -402,  -403. 
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TABUS  XXX 


Building  Trial 


Stock  R199^15 


:l99'^l6 


Polymer 

KI8I6I-302A 

EPDM 


Mix  Evaluation 


Banbury  Mixing 
Dump  condition 
Dump  time/temp. 
Milling 
Calenderable 
Normal  Stress-Strcain 


Good  Good 


Good 


Good  Good  Good 

Good  Good  Good 

8V305  8'/305  8'/305 

Good  Good  Good 


Good  Good  Good 
8'/302  8’ 7:505  8'/310 
Good  Good  Good 


cure 


1102 


Ult.  Elong 


R1 99^15-1,  -2,  -3  mill  blended- tube  stock 
R199'flf>-1,  -2,  -3  mill  blended  -cover  stoc’ 


Polymers  as  shovm  above, 
FEF,  6 MgP,  2 stabilizer 
0.2  Vulcuo  R. 


I 


TABLE  XXXI 


Stress-Strain  Properties  on 
Second  Hose 


Stock  R199^1^  (Tube)  R199^l6  (Cover) 

Stress-Strain  Measured  at  American  Biltrite  - cure:  90' 

@ 3250F 


Tensile,  psi  488  690 

Ult.  Elong.  % 235  200 

Stress-Strain  Measured  at  Firestone  (on  cover) 
100^  M,  psi  5^]^ 

Tensile,  psi  79Q 

Ult.  Elong.,  % 1^5 


Specimens  were  cut  from  the  hose  -nd  buffed. 
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Table  XXXTT 


Cure  Checks  on  Calendered 
Stocks  used  in  Second  Hose  Buildinp; 


Stock  R199^16  (cover) 

Stress-strain  (steam  cure  - 320^F) 


100?^  M,  psi 


45* 

522 

60' 

555 

90’ 

5'+0 

Tensile,  psi 

851 

60' 

873 

90' 

799 

Ult.  Elonn. , 

45' 

200 

6o’ 

170 

90’ 

160 

(press  cure  - ^>5*  0 320°F) 


100^  M,  psi 

487 

Tensile,  psi 

957 

Ult.  Elong.,  % 

205 

Effect  of  Calendering  on 
Strens-Strain  Properties 


Treatment 


Tensile 


Ult.  Elongation 


1.  E199^44  - no  calendering 


2.  R199-444  - calendered  at 

150-150»F  - 
two  passes 


3.  RI99444  - calendered  at 

130-150'>F  - 
several  passes 


4.  RI99444  - calendered  at 

180-200'»F  - 
two  passes 


5»  R199^*44  - calendered  at 

170-200°F  - 
several  passes 


All  of  the  above  stocks  were  presr.-cured  at  3?0*F  for  35  win 


KI83S?),  30  FKF,  ^ ygO,  ? stMhi 


R1 99444  Recire:  100  polymer 


TABLE  XXXIV 


Use  of  Vulcup  40XE  in  Place  of 
Vulcup  R 


Stock  R199 


Peroxide 


Vulcup  R 

Vulcup  40KE 

Normal  Stress-Strain 


cure 


Tenoile,  noi 


1100 

1005 


1P91 

1254 

1020 


Recipe:  100  polymer  (K18i61-502A),  JO  FE; 

peroxide  as  shown. 


TABLE  XXXV 


Evaluate  Polymers  with  Re 
Heat  Aging  Times 

duced 

DSV  vs.  Aging  Time 

Time  © 300°F 

DSV 

% Gel 

0 

3.50 

0.0 

2 hrs. 

2.66 

0.0 

4 hrs. 

2.13 

0.0 

6 hrs. 

1.76 

0.0 

8.5  hrs. 

1.51 

0.0 

Stock  RI99 

-412 

-413 

-4l4 

Polymer 

KI8I6I-302A 

KI8352 

KI8353 

300®F  Aging  Time 

8.3  hrs. 

6.0  hrs. 

4.5  hrs 

Mix  Evaluation 

Mixing 

Good 

Good 

Good 

Dump 

Good 

Good 

Good 

Milling 

Good 

Good 

Fair 

Calenderable 

Yes 

Yes 

Probably 

Normal  Stress-Strain 

(cure;  320®F) 
100?^  M.  psi 


35’ 

643 

812 

787 

45' 

734 

761 

880 

Tensile,  psi 

55’ 

1010 

1184 

1208 

45* 

1021 

1150 

1213 

Ult.  Elong. , ^ 

35* 

165 

150 

155 

45’ 

145 

150 

140 

Trouser  Tear  ® R.  T. 

(cure:  ^tO'  @ 320®F) 

Gehman  Low  Temp.  Properties 


T_  OF  -70 

P 

G @ R.  T, , psi  86.6 

G @ -55“C,  psi  303.4 

Recipe:  100  polymer,  30  FEF,  6 KgO, 


-67 
82.6 
. 357.9 


-70 

88.0 

331.3 


2 stabilizer,  0.2  Vulcup  R 


Table  XXXVI 


Evaluation  of  SAF-Austin  Black  Combinations 


Stock  - R199 

-425 

-426 

-427 

-428 

Black 

30  FEF 

10  SAF 

15  SAF 

10  SAF 

20  Austin 

15  Austin 

30  Austin 

Mix  Evaluation 

Brabender  mixing 

good 

good 

good 

good 

Damp 

good 

sticky 

sticky 

sticky 

Milling 

good 

bands  both  rolls 

bands  both  rolls 

bands  both  rolls 

Calenderable 

yes 

no 

no 

no 

normal  Stress-strain  - cure: 

320°F 

100=>M,  psi 

35’ 

862 

468 

597 

476 

45' 

825 

533 

615 

483 

Tensile , psi 

35' 

1092 

637 

894 

613 

45’ 

1091 

706 

835 

624 

Ult.  Elong. , 

35' 

l4o 

155 

170 

170 

45’ 

140 

150 

150 

170 

% Compression  Set 

(73®F)  (255^70  hrs. ) - cure: 

4o*  © 320°F 

16.8 

18.4 

20.0 

-•J- 

• 

00 

H 

Shore  "A"  Hardness  (73°F)  - on  compression  set 

buttons 

52.5 

45.5 

50.0 

52.0 

Trouser  Tear  (73°F)-  cure:  40'  @ 320®F 

lbs. /in. 

12.5 

11.8 

12.7 

11.1 

Gehman  Low  Temp. 

Properties  - 

cure:  40'  @ 320' 

’F 

T^,  "F 

-62.0 

-67.0 

-62.5 

-65.0 

G © R.T. , psi 

79.0 

67.8 

72.0 

65.7 

G @ -55°C,  psi 

566 

353 

546 

388 

Recipe:  100  polymer  (K18i61-502A) , black  - as  shown,  6 MgO,  2 stabilizer, 

Vulcup  40KE  - 0.5  to  1.0  (higher  for  higher  SAF). 


Table  XXXVII 


Evaluation  of  SAI'-FSF  Black  Coribination: 


stock  - RI99 

-429 

-43-0 

-431 

-432 

Black 

30  PEF 

15  FE? 

20  FEF 

10  FEF 

5 SAF 

5 SAF 

10  SAF 

Mix  Evaluation 

Brabender  Mixing 

good 

good 

good 

good 

Dump 

good 

good 

good 

good 

Milling 

good 

sticks 

sticks 

sticks 

both  rolls 

both  rolls 

both  rolls 

Calenderable 

yes 

no 

no 

no 

Normal  Stress-Strain  - cure 

: 320°F 

100?(>  M,  psi 

35’ 

560 

464 

631 

— 

45’ 

585 

564 

644 

628 

Tensile,  psi 

35' 

1129 

1296 

1204 

656 

45' 

1189 

1252 

1256 

836 

Ult.  Elong. , % 

35* 

185 

210 

165 

100 

451 

190 

180 

165 

120 

% Compression  Set  (73°?')  (25^70  hrs. 

) - cure;  40* 

@ 320°F 

30.0 

20.8 

20.8 

21.6 

Shore  "A"  Hardness  (73°?)  - 

on  comoression  set  buttons 

49.0 

41.0 

45.0 

48.5 

Trouser  Tear  (73°F)  - cure: 

40'  e 320°F 

lbs. /in. 

28 

11 

9 

8 

Gehman  Ixav/  Temp.  Properties 

- cure : 

40'  @ 320’F 

T5,  °F 

-71.5 

-73.0 

-71.0 

-70.0 

G © B.T. , psi 

81.7 

62.3 

53.8 

60.1 

G @ -55°C,  psi 

301 

216 

207 

283 

Recipe:  100  polymer  (K18352),  black 

- as  shown,  6 HgO,  2 stabilizer. 

Vulcup  kO  KE  - 0.5  to  1,0  (higher  for  higher  SAF) 
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T-.ble  XXXVIll 


Evalir;  tion 

of  TSAF  and  ISAF-FEF 

Black  Combinations 

i ' ' 

Stock  - R199 

-455 

-456 

-457 

-458 

I 

Black 

25  TSAF  (HS) 

25  ISAF 

15  ISAF 

10  ISAF 

. 

10  FEF 

15  FEF 

1 

Vulcup  ^OKE 

1.25 

1.25 

1.0 

1.0 

If 

c' 

i 1 

Mix  Evaluation 

Brabendor  Mixing 

good 

good 

good 

good 

* 

Bump 

good 

good 

good 

good 

■i 

Milling 

good 

good 

good 

good 

i 

k- 

Calenderable 

yes 

yes 

probably 

probably 

t i 

Normal  Stress-Strain  - 

cure:  320°F 

l\ 

■;  1 
' 

100??  M,  psi 

J ■' 

35' 

1256 

1106 

1056 

1167 

K: 

h3' 

1282 

1073 

1086 

1137 

1 ] 

Tensile,  psi 

.■t  1 

£ ' 

b 

35' 

1486 

1526 

I35S 

1359 

k3' 

1578 

1467 

1391 

1203 

I i 

Ult.  Elong.,  % 

1 . 

35' 

120 

135 

135 

120 

1 ■ 

45' 

120 

135 

130 

110 

ion  Set  (73^y)  (?3%/70  h 


9?  Compro 


Shore  "A"  Enrdness  {73’^Y)  - on  compre 


t buttons 


Trousor  Tour  (73°F)  - cure:  'fO'  ft  320=F 


Gehrnn  lov;  Temo.  Properties  - cure 


G^ft  R.T. , psi  90 

G ft  -55'’- 0,  psi 

Recipe:  100  polymer  (K18552),  black 

Vulcup  40KE  as  shown. 


stock  - R199 
Black 

Mix  Evaluation 


Table  XXXIX 

Evaluation  of  Degussa  Blacks 


Print ex  60 


RUB  Corex  P 


Brabender  mixing  E 

Dump  good  g 

Hilling  good  (3  80-100°F)  good  (@  80-100°F) 

Calenderable  yo® 

Normal  Stress-Strain  - cure;  320°F 

100^  M,  P3i 

55*  ^84 

45*  5SS 

Tensile,  psi 

55*  1256  ] 

45*  1296  : 

Ult.  Elong. , ^ 

35.  225 

45*  215 

Compression  Set  (73^^)  (25/^/"0  hro.),  cure:  40'  @ 320°F 


good 

good 


1305 


Shore  ”A"  Hardness  (73°F)  - cure:  40’  3 320°F 

57.0 

Trouser  Tear  (73°^)  - cure;  ^0'  @ 320°F 
lbs, /in.  27 

Gehman  Lovf  Temp,  Properties  - cure:  40'  @ 320^F 

T^,  ®F  -62.5 

G @ R.T. , psi  106.7 

G © -55°C.  nsi  756 


G © R.T. , psi 
G © -55°C,  psi 


-62.0 

107.7 


Recipe:  100  polv-m.er  (K18352),  30  black,  6 MgO,  2 stabilizer,  0.75 

Vulcup  40  KE. 
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TABLE  XL 


\ 

EVALUATION  OT^USO\^-82  AT  LOVz-EP  PEEOXIDE  LEVELS 


1 


! 


I 


Stonk  E199 

-439 

-440 

-441 

Vulcup  4oKE 

0.75 

0.50 

0.25 

Normal  Stress-Strain  - cure:  320°F 

1009^  M,  rsi 

55’ 

935 

642 

399 

45’ 

957 

658 

398 

Tensile,  psi 

35’ 

955 

969 

860 

45’ 

1026 

895 

. 846 

Ult.  Elone;. , % 

35’ 

110 

165 

270 

45’ 

110 

155 

255 

Eocipe:  100  - polymer  (K18i61-302A) , 

30  - Cuso 

WR-82,  MgO 

- 6, 

stabilizer  - 2,  Vulcup  - as 

shovai. 

I 


Table  XLI 


Evaltiation  of  Adhesion  of  Hose  Coapoundi 
to  Various  Fabrics 


K18161-302A 

100.0 

97.5 

EPDM 

— 

2.5 

FEF 

30.0 

30.0 

MbO 

6.0 

6.0 

stabilizer 

2.0 

2.0 

Vulcup  R 

0.2 

0.2 

138.2 

138.2 

Normal  Stress-Strain  - cure: 

35'  @ 320®F 

100^  M,  psi 

781 

762 

Tensile,  psi 

876 

1102 

Ult.  Elong. , $5 

no 

165 

T-adhesion  @ R.T.  (lbs. /in.) 

- cure: 

45'  © 320  =>F 

Nylon  (treated) 

13 

12 

Nylon  (untreated) 

7 

6 

Rayon  (treated) 

10 

11 

Rayon  (untreated) 

7 

9 

Polyester  (treated) 

10 

10 

Polyester  (imtreated) 

8 

8 

TABLE  XLIII 


1 


VARIOUS  TEST  RESULTS  ON  THIRD  HOSE  COMPOUNDS 


Stock  RI99 

-464  (Tube) 

-465  (Cover) 

Formulation 

Polymer  K18352 

100.0 

97.5 

EPDM 

— 

2.5 

FEF 

30.0 

30.0 

MgO 

6.0 

6.0 

Stabilizer 

2.0 

2.0 

Vulcup  40KE 

0.7 

0.7 

13577 

13577 

Normal  Stress-Stnin  - cure: 

60 • @ }30°F  in 

steam  - 

specimens  cut  from 

hose 

collapsible 

suction 

collapsible 

suction 

1009(  M,  psi 

424 

A93 

580 

688 

Tensile,  psi 

871 

981 

953 

1016 

Ult.  Elong.,  % 

197 

193 

170 

153 

Nomwil  Strese-Strain  - on  excess  calendered  stock  (after  hose  building) 

cure:  press,  60*  @ 320°F 


100?»^  M,  psi 

773 

724 

Tensile,  psi 

1184 

1179 

Ult.  Elong., 

155 

165 

Gehman  Taw  Tent). 

Properties  - press  euro:  6O'  9 320“’F 

Tc,  ”F 

-73 

• -60 

RT,  psi 

123.9 

101.9 

G @ -55°C,  psi 

442.6 

709.5 

Tg,  °C 

-76 

-76 

Low  Temp.  Testing  (g  MERDC  (after  one  day  Q -70'’F)-  additional  tests  in  Appendix 


TSR 

3.2 

4.4 

G @ RT,  psi 

81 

105 

G 0 -70”F,  psi 

250 

462 

% Tension  Recovery 

45 

40 

Compression  Set 

59.6 

62.6 

Trouser  Tear  (73®F)  - press  cure: 
Ibs./in. 

60'  @ 320'»F 
11 

14.5 

T-adhesion  to  Rayon  - press  cure: 
lbs. /in. 

60  • @ 320'’F 

13 

17 
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Table  XLIV 


Test  Pesults  on  Third  Hose 


Test 

Results 

Suction 

Discharge 

Inside  Diameter 

2" 

2" 

Outside  Diameter 

2.70" 

2.47" 

Hydrostatic  Proof 

no  leaks 

no  leaks 

125  psi 

5°  twist,  1.82^  length  A 

— 

100  psi 

— no 

twist,  0.53/^  length  A 

Minimum  Burst 

850  psi 

750  psi 

Adhesions 

flO#  load,  1 min.) 

tube  to  ply 

0.312"  separation 

1.75"  separation 

cover  to  ply 

0.187”  separation 

0.175”  separation 

All  tests  were  done  on  hose  or 

sections  cut  from  hose. 
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TABLE  XLV 


FUEL  AND  WATER  RESISTANCE 

OF  STOCKS  IN 

THIRD  HOSE 

BUILDING 

TRIAL 

Stock 

P199^6U 

(Tube ) 

R1 99465 

(Cover) 

Immersed  in  Type  II 
Fluid  (TT-S-735)  @ 73°F  for 

9^f  hrs. 

14  days 

94  hrs. 

l4  days 

Tensile  retained,  % 

93.0 

93.8 

80.4 

105 

Stress  (100^)  E)  retained,  % 

93.8 

102 

83.9 

107 

Ult.  Elong.  retained,  % 

102 

•91.3 

94.1 

97.5 

Vol,  increase,  % 

9.6 

22.1 

20.2 

32.3 

Wt.  decrease,  % 

0.9'i 

1.07 

1.03 

0.91 

Immersed  in  Distilled 
Water  (pH  = 7)  @ l60"F  for 

14  days 

42  days 

l4  days 

42  days 

Tensile  retained,  % 

78.7 

75.5 

86.8 

86.4 

Stress  (100?(  E)  retained,  % 

8'».1 

78.8 

81.8 

82.5 

Ult.  Elong.  retained,  % 

93.3 

81.6 

97.5 

103 

Vol.  increase,  % 

13.P. 

18.4 

10.6 

15.1 

Wt.  decrease,  % 

1.49 

1.57 

1.56 

1.64 

- 89  - 


’I 


Table  XLVI 


Poly-Bd 

as  Additive  for  Cover 

Stock 

Stock  - R199 

-473 

-474 

-475 

Polymer 

K18i61-302B 

100.0 

98.0 

96.0 

Poly-Bd 

2.0 

4.0 

Vulcup  40  KE 
Normal  Stress-strain 

0.6 

- cure:  35'  © 3^0°F 

0.5 

0.5 

100?^  M,  psi 

871 

758 

717 

Tensile,  psi 

1166 

1125 

1044 

Dlt.  Elong. , % 

145 

165 

160 

Fuel  Diffusion  Rate  Ratio  (cover/tube)  - cure:  35' 

tube  1.62 

Gehraan  Low  Temp.  Pronerties  - cure:  40'  @ 320'’F 

@ 320'’F 

1.58 

T^,  °F 

-69.7 

-68.8 

-70.6 

G @ R.T.,  psi 

79.7 

117 

138 

G @ -55°C,  psi 

309 

534 

591 

Recipe:  Polymer  - as  shown,  30  FEF  black,  6 MgO,  2 stabilizer, 

peroxide  - as  shown 
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TABLE  XLVIT 


EVALUATION  OF 

GPF  (HS)  AND 

ISA?  (N234) 

Stock  R199 

-466 

-46? 

-468 

Black 

FEF 

GPF  (HS) 

ISAF  (N234) 

Mix  Evaluation 

Brabender  mixing 

good 

good 

good 

Dump 

good 

good 

good 

Milling 

good 

good 

good 

Oilenderable 

yes 

yes 

yes 

Normal  Stress-Strain  - cure 

: 320°F 

1009^  M,  psi 


35' 

45' 

1059 

1157 

1155 

1054 

752 

806 

Tensile,  psi 

35' 

45' 

1242 

1294 

1155 

1182 

1465 

1422 

Ult.  Elong.,  % 

35' 

4s' 

135 

120 

100 

125 

225 

200 

% Compression  Set  (73°F)  (2^%/70  hrs. ) - cu 

15.2 

re:  40'  ® 

15.2 

320  “F 

43.8 

Shore  "A"  Hardness  (73'^F)  - on 

compression 

53.0 

set  button 

54.0 

62.0 

Trouser  Tear  (73°F)  - lbs. /in. 

20 

9 

72 

Gehman  low  Temp.  Properties  - 

cure:  40'  S 

320^F 

T , °F 
G^@  RT,  psi 
G & -55°C,  psi 

-67.9 

74 

293 

-67.9 

79 

311 

-51.6 

134 

1373 

Recipe:  100  - polymer  (K18161-302B),  30  - Black,  6 - HgO, 

2 “ stabilizer,  0.6  - Vulcup  40KE. 


■i 
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TABLE  XLVIII 


EVALUATION  OF  ISAF-FEF  COMBINATIONS 


Stock  R199 

-478 

-479 

-480 

-481 

-482  1 

Black 

1 

ISAF  (HS) 

10.0 

15.0 

1 

ISAF 

— 

— 

10.0 

15.0 

— i 

FEF 

15.0 

10.0 

15.0 

10.0 

30.0 

Normal  Stress-Strain  - 

cure 

: 320”? 

1 

1009^  M,  psi 

i ! 

35’ 

1255 

1155 

1077 

1021 

1223  ! 

60' 

1260 

1319 

1156 

1014 

1290 

90’ 

1262 

1270 

1198 

1158 

1181 

Tensile,  psi 

35’ 

1307 

1414 

1258 

1333 

1301 

60' 

1260 

1319 

1256 

1286 

1330 

90’ 

1262 

1325 

1296 

1309 

1223  ] 

,4 

Ult.  Elonf?. , % 

n 

35’ 

110 

125 

125 

130 

110  h 

6o’ 

100 

105 

115 

130 

105  ' ' 

90’ 

100 

110 

115 

120 

110  '! 

Trouser  Tear  (73'’F)  - cure: 

45'  @ 320'=F 

1 

lbs. /in. 

9.2 

9.3 

9.5 

10.6 

11.1 

Gehman  Low  Temp.  Properties 

- cure:  45’ 

m 320 

•’F 

T , “F 

-82.3 

-78.7 

-79.6 

-81.4 

-80.5 

RT,  psi 

79 

85 

69 

76 

88 

G 0 -55°C,  psi 

186 

251 

185 

187 

251 

Recipe:  100  - polymer 

(K18161-302A),  black  - 

as  shown 

, 6 - MrO, 

2 - 

stabilizer,  1 

.0  - 

Vulcup  40KE  except 

for  482 

(0.75). 

. 
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TABLE  TL 


EVALUATION  OF  ADJUSTED  HAF.  ISAF  (HS).  RUB  COPEX  P COMPOTODS 


Stock  R199 

-486 

-L8? 

-488 

Black 

30  HAF 

25  ISAF  (KS) 

27  Rub  Corex  P 

Vulcup  40KE 

1.2 

1.1 

1.0 

Mix  Evaluation 
Brabender  Mix 

good 

good 

good 

' 

Dump  Condition 

good 

good 

good 

1 

1 

Milling* 

fair 

fair 

fair 

i 

Calenderable 

yes 

yes 

yes 

j 

• Rating  given 

for  130°F  mill  temperature. 

With  these  blacks, 

milling  was 

i 

better  at  100°F. 


Normal  Stress-Strain  - cure:  320°F 

100^  M,  psi 


55' 

882 

8l4 

8o6 

60' 

984 

970 

946 

Tensile,  psi 

35' 

1392 

1348 

60' 

1332 

1346 

1284 

Ult.  Elong. , % 

35’ 

155 

160 

155 

60' 

130 

130 

135 

% Compression  Set  (73°!’)  - 

70  hrs./25^,  cure: 

40'  2 320°F 

8.8 

8.0 

9.6 

Shore  "A"  Hardness  (73°F)  - 

on  compression  set 

button 

58.0 

56.0 

59.0 

Trouser  Tear  (73°F)  - cure: 

40'  0 320'’F 

lbs. /in. 

13.6 

11.5 

12.5 

Gehman  Low  Temp.  Properties 

- cure:  4o'  @ 320 

op 

T , °F 

-46.3 

-62.5 

-58.9 

G^<i  RT,  psi 

83 

101 

94 

G @ -55°C,  psi 

780 

690 

668 

Recipe:  100  - polymer  (K18161-302A) , black  - as  shown,  6 - 

MgO,  2 - 

stabilizer,  Vulcup  40KE  - as  shown. 
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TABLE  L 


EVALUATION  OF  SHAWINIGAN  BLACK 


Stock 


P199h89 


Mixing  Evaluation 


Brabender  Mix 
Dump  Condition 
Milling 
Calenderable 


Normal  Stress-Strain  - cure:  320°F 

30^  M,  psi 


Tensile,  psi 


Ult.  Elong. , % 


% Compression  Set  (73°F)  - 70  hrs./25^,  cure:  '♦O'  © 320°F 


Shore  A Hardness  (73°F)  - on  compression  set  button 


Gehman  low  Tome.  Prooerties  - cure:  40'  S 320'’F 


T , °F 

G^©  RT,  psi 

G © -55'’C,  psi 

Trouser  Tear  (73°F)  - cure:  40'  © 


-73.7,  -75.1 

156,  185 
528,  700 


lbs. /in.  4.0 

Recipe:  100  - polymer  (K18161-302A),  3<^  - Shawinigan  black, 

6 - MgO,  2 - stabilizer,  1.1  - Vulcup  40KE. 


TABLE  LI 


EVALUATION  CF  TEFLON  6 

Stock  P199  -484  -489 

Teflon  6 2.0  4.0 

Normal  Stress-Strnin  - cure:  40'  @ 3^5'^F 

100?^  M,  psi  820  1147 

Tensile,  psi  1144  l440 

Ul.t.  Elong. , % 145  150 

% Comoression  Set  (?3°F)  - 70  hrs./25^,  cure:  50'  @ 320°F 

12.3  17.7 

Shore  "A"  ferdness  (73”^’)  - on  compression  set  button 

63.0  65.0 

Trouser  Tear  (73^F)  - cure:  45'  © 320'’F 

lbs. /in.  17.5  l4.8 

Gehman  Low  Temp.  Frorerties  - cure:  45'  @ 3?0°F 

T , °F  -70.6  -74.2 

G^@  RT,  psi  95  146 

G @ -55°C,  psi  476  540 

Recipe:  100  - polyrr.er  (K18i61-302A) , 30  - FEF  black,  6 - MgO, 

2 - stabilizer,  Teflon  6 - as  shown,  0.6  Vulcup  40KE. 


stock  R199 


-^9?- 


-493 


-494 


Teflon  8A 

4.0 

2.0 

4.0 

Silane  A-174 

— 

2.0 

2.0 

Normal  Stress-Strain  - cure: 

320°F 

100^  M,  psi 

35' 

1596 

1300 

60' 

1144 

— 

— 

Tensile,  psi 

35' 

1650 

1300 

1348 

60 ' 

1248 

1194 

1310 

Ult.  Elon^. , % 

35’ 

123 

100 

80 

60 ' 

l4o 

80 

85 

% Compression  Set  (73^F)  - cure:  40'  @ 320''-? 

16.9 

9.5 

14.7 

Shore  "A"  Hardness  (73°F)  - 

on  compression  set 

buttons 

67.0 

71.0 

72.0 

Trouser  Tear  (73°F)  - cure: 

40'  0 320°F 

lbs. /in. 

50 

14 

50 

Gehman  Low  Temp.  Pronerties 

- cure:  40'  ® 520' 

T.,  °F 
G^(3  RT,  psi 

-42.7 

-51.7 

-29.2 

103 

128 

115 

G 0 -55®C,  psi 

1328 

1137 

1878 

Recipe:  100  - polymer  (Kl8l6l-302B),  JO  - Fir 

black,  6 

- MgO,  2 - 

stabilizer,  Teflon 

and  Silane  - as  shown,  0.6  - 

Vulcup  40KE, 

i 


r 
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TABLE  LIII 


ANALYSES  OF  NEW  PNF^-LT 


No.  RP? 

-10721 

-10743 

-10749 

-10754 

-10758 

-10759 

DSV 

1.91 

1.70 

1.58 

1.39 

2.39 

2.51 

% Gel 

0 

0 

0 

0 

0 

0 

Tg,  °C 

-82.5 

-84.5 

-85.0 

-84.0 

-83.0 

-82.0 

% Na 

0.039 

0.022 

0.018 

0.023 

0.26 

0.02 

% Cl 
% R 0* 

0.033 

0.05 

0.05 

0.036 

0.39 

0.18 

82 

69 

67 

67 

79 

75 

% EO* 

18 

31 

33 

33 

21 

25 

wt.  % F** 

45.2 

39.6 

38.7 

38.7 

44.0 

41.3 

* Mole  % of  pendant  groups  based  on  NMB  determination. 

••  Determined  on  the  basis  of  pendant  group  analyses  (NMR). 
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TABLE  LIV 


✓ 


EVALUATION  OF  NEW  PNFS>-LT’S  FOR  PRODUCTION  OF  ARCTIC  FUEL  HOSE 


Stock  P 

-199^98 

-203807 

-203308 

-203811  - 

•203812 

-203814 

Polymer  RPP 

-10721 

-10743 

-10749 

-10754 

•10758 

-10759 

Vulcup  kOKE 

0.7 

1.0 

1.0 

1.3 

1.0 

1.0 

Normal  Stress-Strain  - cure 

: 35'  @ 

320°F 

1005^  M,  psi 

372 

317 

570 

229 

852 

687 

Tensile,  psi 

1232 

892 

900 

795 

852 

985 

Ult . Elong. , % 

155 

185 

125 

210 

100 

145 

Mill  Processing  - poor  for 

all  stocks — would 

not  form 

tight  bond, 

Trouser  Tear  (73°F)  - cure: 

40’  @ 320^F 

lbs. /in. 

16.6 

21.0 

12.5 

31.0 

13.0 

11.0 

Gehman  Ir>w  Temp.  Pronerties 

1 - cure: 

40'  @ 320~F 

T , °F 

-74.2 

-76.0 

-79.6 

Or©  RT,  psi 

43 

29 

49 

G © -55*^0,  psi 

136 

94 

136 

% Vol.  Increase  in  Type  II 

Fluid  (TT-S-735) 

(73''F) 

94  hrs. 

36.5 

72.7 

60.7 

14  days 

38.3 

— 

— 

Recipe:  100  - polymer,  30  - FEF  blnck,  6 - M^O,  2 - stabilizer,  Vulcuo  - as 

shown. 
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TABLE  LV 


EVALUATE  BLENDS  OF  PNT^'»-LT  AND  FMF^200 


Stock  R 

-203809 

-203810 

-203805 

-20380( 

Polymer 

RPP10743  (LT) 

80.0 

60.0 

40.0 

RPPIO380  (200) 

20.0 

40.0 

60.0 

100.0 

Vulcuo  40KE 

1.1 

1.1 

1.1 

1.2 

Mixing  Evaluation 

Brabender  Mix 

good 

good 

good 

good 

Dump  Condition 

good 

good 

good 

good 

Milling 

fair 

fair 

fair 

Calenderable 

probably 

probably 

probably 

Normal  Stress-Strain  - cure 

: 35'  @ 320°F 

100  M,  psi 

957 

956 

1200 

Tensile,  psi 

1126 

1286 

1599 

i960 

Ult.  Elong.,  % 

105 

100 

140 

120 

Trouser  Tear  (73^T)  - cure: 

40'  @ 320°F 

lbs. /in. 

5.7 

6.8 

14.8 

22.8 

Gehman  Low  Temn.  Properties 

(73'’F)  - cure:  40’ 

3 320=F 

T^,  °F 

-65.2 

-67.9 

-53.5 

-55.3 

G^@  RT,  psi 

77.0 

139.^ 

57.5 

96.6 

G Q -55'’C,  Dsi 

369.1 

565.1 

472.0 

921.0 

% Vol.  Increase  in  Tyre  II  Fluid  (TT-S-7'55)  (73'’F)  - cure 

: 35'  © 

320 '=>F 

9^r  hrs. 

43.1 

31.8 

25.3 

6.9 

l4  days 

45.4 

33.2 

26.2 

7.7 

Recipe: 


polymer  - as  sho’/m,  J>0 
kOKE  - as  shown. 


FEE,  6 - MgO,  2 - stabilizer,  Vulcup 
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TABToE  LVI 


EVALUATION  OF  BLEND  OF  6 BATCHES  OF  PNP?>-LT 
FOR  PRODUCTION  OF  ARCTIC  FUEL  HOSE 


Stock  R 

-203816 

-205817 

-203818 

Normal  Stress-Strain  - 

cure:  320°F,  measurements  on  ring 

snecimens 

100^  M,  nsi 

35’ 

364 

415 

369 

45- 

377 

44l 

398 

Tensile,  psi 

35’ 

978 

1077 

1045 

45' 

978 

1029 

963 

Ult.  Elong. , % 

35* 

200 

203 

220 

if  5' 

193 

187 

193 

Recipe:  100  - polymer 

(KI59OO  - three 

samples  from  three 

of  six  lots 

obtained  from  blending),  JO  - FEF  black,  6 - MgO,  2 - stabilizer, 
1 - Vulcup  40KE. 


r 


fV 

* 

\ 


I 


I 


I 


I 


t 
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TABLE  LVTI 


OPTIMUM 

BLEND  OF  PNF0-LT  AND 

?Kr^-200 

Stock  R 

-203824 

-203825 

-203826 

Polymer 

K15900  (LT) 

80 

60 

50 

RPP10424  (200) 

20 

40 

50 

Vulcup  40KE 

1.0 

l.O 

0.9 

Normal  Stress-Strain  - cure: 

320"F 

lOO^  M,  rsi 

35' 

653 

897 

1093 

60* 

665 

1062 

958 

Tensile,  psi 

35' 

]04l 

1250 

1440 

6o* 

946 

1328 

1145 

Ult.  Elonf?. , % 

35’ 

165 

145 

130 

60' 

l4o 

135 

120 

^ Compression  Set  (73°F)  - 70  hrs./257^,  cure:  ^5' 

S 320=T 

20.0 

13.2 

10. 1 

Shore  "A"  Hardness  (73‘’F)  - 

on  compression  set  button 

50.0 

56.0 

56.0 

Gehman  Low  Temp.  Properties 

- cure:  40’  Q 320 

T.,  °F 

-74.2 

-66.6 

-67.5 

G^Q  PT,  psi 

64 

85 

97 

G @ -55°C,  psi 

219 

4o6 

432 

Trouser  Tear  (73°F)  - cure: 

40'  @ 320°F 

lbs. /in. 

35 

17 

10 

Pecipe:  polymer  - as  shown,  30  - FEE,  6 - MgO,  2 - stabilizer,  Vulcup  ^OKE  - 

ns  shown 
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TABLE  LVIII 


OPTIMUM  PEPOXIDE  LEVEL  FOP  60:40  PNE?*- 

LT:PNF?-300 

BLEND 

Stock  R 

-203820 

■203821 

-203822 

Polymer 

K15900  (LT) 

60 

60 

60 

RPP10424  (200) 

40 

40 

40 

Vulcup  40KE 

0.8 

1.0 

1.2 

Normal  Stress-Strain  - cure:  35'  @ 320°F 

100^  M,  psi 

554 

740 

733 

Tensile,  psi 

1251 

1260 

1235 

Ult.  Elong. , % 

190 

150 

150 

% Vol.  Inc.  in  Type  II  Fluid  (TT-S-735)  (73°F) 

94  hrs. 

34.0 

31.9 

31.1 

Eecipe:  polymer  - as  shown,  30  - FEF  black,  6 - MgO,  2 - stabilizer,  Vulcup 


TABLE  LIX 


TRIAL  BANBURY  MIX,  CALENDERING 


Stock  R 


KI59OO  (PNF^LT) 
RPP10424  (PNF^ROO) 
Polybutadiene  (HD-35) 
FEF 
MgO 

Stabilizer 
Vulcup  40KE 


Normal  Stress-Strain  - cure 


Stress-Strain  After  Calenderin; 


cure 


After  calendering  @ Ff 
After  calendering  @ l40°F 
After  calendering  0 l80°F 


After  calendering  d RT 
After  calendering  ® l40°F 
After  calendering  @ l80"F 


Ult.  Elong 


After  calendering  Q RT 
After  calendering  Q l40"F 
After  calendering  ® l80°F 


M o o o o o o 


TABLE  LX 


i: 

r 

i 


I 


BANBURY,  MILL 

MIXING  OF  STOCKS  FOR  FINAL 

HOSE  BUILDING 

Stock  R 

-203833  'Tube) 

-203834  (Cover) 

KI590O  (PNF®-LT) 

60.0 

60.0 

RPP10424  (PNPS)_200) 

40.0 

40.0 

Polybutadiene  (HB-35) 

— 

2.0 

FEE 

30.0 

30.0 

MgO 

6.0 

6.0 

Stabilizer 

2.0 

2.0 

Vulcup  40KE 

1.2 

1.0 

Normal  Stress-Strain 

After  Calenderinsr  - cure: 

320°F 

\(X)%  M,  psi 


45' 

1148 

994 

90' 

1114 

923 

Tensile,  psi 

45' 

1246 

1195 

90' 

1216 

1184 

Ult.  Elong. , % 

45' 

120 

135 

90' 

110 

145 

■i 

I 

! 


1 


; I 

: j 


7-" 
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Table  LXI 

Testing  Results  on  Final  Hoses  - Physical 
Requirements 


A.  Collapsible  Hose 


Test 

Pesult 

Spec. 

Inside  Diameter 

2 1/16" 

2 - 1/10" 

Weight 

16.32  oz./ft. 

16  oz./ft.  (max. ) 

Hydrostatic  Proof 

No  leaks  or 

No  leaks  or 

imperfections 

imperfections 

Length  Change  and 

Length  change  - 0 

Length  - max 

Twist 

Twist  - 0 

Twist  7Vft.  max. 

Burst  Pressure 

650  psi  (coupling) 

200  psi  min. 

Initial  Adhesions 
Tube  to  ply 

8 lbs. /in. 

10  lbs. /in.  min. 

Between  plies 

7 lbs. /in. 

10  lbs. /in.  min. 

Cover  to  ply 

7 lbs. /in. 

10  lbs. /in.  min. 

Adhesion  after  filling  (Type  II  Fluid) 
Tube  to  ply 

5 lbs. /in. 

6 lbs. /in.  min. 

B'' tween  plies 

6 lbs. /in. 

6 lbs. /in.  min. 

Cover  to  ply 

5 lbs. /in. 

6 lbs. /in.  min. 

B.  Suction  Hose 

Inside  Diameter 
V/eig'nt 

Length  Change  and 
Twist 

Burst  Pressure 
Crush  Resistance  - 
of  original  O.D. 


2 1/16" 

30.72  oz./ft. 

Length  Change  - 2% 

Twist  0.89Vft. 

400  psi  (coupling) 

92.3?o  under  load 
98.7a!  after  load  release 


2 - 1/16" 

32  oz./ft.  max. 
Length  - yfo  max. 
Twist  7°/ft. 

200  psi  min. 

85?^  under  load  max. 
95?^  after  load 
release  max. 


- 105  - 


LXII 


Prope 

rties  of 

Tube  and  Cover  of  Firjl 

Hose 

Initial 

Tube 

Cover 

Obtainei 

d 

Spec. 

Obtained 

Spec. 

100^  M,  pai 

470 

— 

626 

— 

Tensile,  psi 

955 

1500 

912 

1500 

Ult.  elong. , % 

200 

150 

165 

150 

Immersed  in  Type  II  Fluid 

Tube 

Cover 

of  TT-S-735  ® R.T.  for 

94  hrs. 

Spec.  14  days 

Spec. 

94  hrs.  Spec.  l4  days  Spec. 

100  % M retained,  % 

103 

84.5 

— 

70.4  69.9 

— 

Tensile  retained,  % 

79.3 

60  51.3 

60 

76.3  40  67.2 

40 

Ult.  elong.  retained. 

% 81.5 

85  62.5 

80 

92.0  80  84,3 

75 

Volume  increase,  % 

24.2 

40  32.3 

40 

32.7  70  32.5 

70 

Wt.  change,  % 

— 

3.8 

5.0 

3.7 

5.0 

Immersed  in  Distilled 

Tube 

Cover 

Water  © l60°F  for 

14  days 

Spec.  42  days 

Spec. 

14  days  Spec.  42  days 

Spec. 

100^  M retained,  % 

~T0o 

— 

77.4 

Tensile  retained,  % 

85.1 

80 

79.3  80 

Ult.  elong  retained. 

% 83.8 

80 

92.0  80 

Volume  increase,  % 

24.9 

15 

17.7  15 

After  Accelerated  Weathering 

Cover  only 

(500  hrs) 

Found 

Spec. 

Tensile  retained,  % 

' 106 

85 

Ult.  elong.  retained. 

u 

/o 

95.5 

85 

After  Ozone  Exposure 

Cover  only: 

no  cr' 

^cking  or  checking 

Existent  Gum 

Found 

Spec. 

Unw'i  shod , mg/lOOml 

iHHo" 

20 

Washed,  mg/lOOOml 

16.5 

5 

Brittleness  - after 

No  cracking 

166  hrs  @ -70°F 

Gehman  Properties 

Tube 

Cover 

T5'’F 

~5H" 

69 

G © R.T. , psi 

86 

145 

G © -55'’C. , psi 

429 

700 
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Table  LXIIT 


Tests  on  Press  - Cured  Samples  of  Excess 
Stock  from  Final  Hose  Buildin.^ 


Stock 


R203  835  (Tube) 


R203  834  (Cover) 


Normal  Stress  - 'Strain  - cure:  35'  ® 320"’? 
100^  osi  1118 

Tensile,  psi  I308 

Ult.  elonpr.  125 


105’t 

1322 

155 


100%  M 

original 

1103 

aged  % 

975 

retained 

— 

original 

1022 

aged 

% retained 
77.2 

Tensile 

1245 

1186 

95.3 

1219 

1071 

87.9 

Ult.  elong. 

113 

123  109 

125 

147 

118 

Aged  14  days  in  Type 

II  Fluid  (R.T. ) 

100%  M 

— 

1030 

— 

1010 

990 

98.0 

Tensile 

1250 

1190 

95.2 

1200 

1120 

93.3 

Ult.  elong. 

90 

120 

133 

130 

110 

84.6 

DEPARTMENT  OF  THE  ARMY 

us  AHMY  MOBILITY  EQUIPMENT  RESEARCH  6 DEVELOPMENT  COMMAND 
FORT  BELVOIR,  VIRGINIA  22060 


Evaluation  of  Firestone  PNF  Elastomer  Compounds  for  Arctic  Fuel  Hose 


06343  EBBY 


1976 


Requested  by:  Fuels  Handling  Equipment  Dlv,  Lab  2000,  ATTN;  Mr.  P.  Mltton 

Authority;  A6H67FD0231 


1.  The  purpose  of  this  work,  was  to  evaluate  PNF  rubber  compounds  developed 
by  Firestone  for  fabricating  an  arctic  fuel  hose. 

cured 

2.  The  PNFyycompounds  submitted  by  Firestone  were  identified  as  follows: 

a.  R 197-369  - Compound  used  in  hose  fabrication  studies  in  Contract 
UAAG53-75-C-0187  and  described  in  Interim  Report  dated  Nov  75. 

b.  R199-464  - Tube  Compound  used  in  third  hose  fabrication  studies  in 
Contract  1JAAG53-75-C-0187  and  described  in  Letter  Report  dated  May  17,1976. 


I 

i 


c.  R 199-465  - Jacket  compound  used  in  third  hose  fabrication  studies 
in  Contract  DAAG53-75-C-0187  and  described  in  Letter  Report  dated  May  17, 
1976. 


3.  The  formulations  and  test  data  are  presented  in  Table  1. 

4.  The  candidate  hose  compounds  exhibited  low  original  tensile  strength 
All  other  hose  properties  such  as  water  and  fuel  resistance  as  well  as 
low  temperature  flexibility  were  met  by  the  PNF  compounds. 

5.  Conclusions  and  recommendations  are  withheld  at  this  time  pending  a 
complete  evaluation  of  the  hose  fabricated  by  Firestone  to  be  submitted 
at  a later  date. 


SUBMITTED  BY 


PAUL  TOlfCHE'r 

Chief,  Rub  & Ctd  Fab  Rsch  Grp 


ATDED 


TABLE  I 


Formulations  and  Test  Results  of  Firestone  Arctic  Fuel  Uose  Compounds 


t 

Polymer 

R197- 

R199- 

R199- 

Hose  PU 

I.D. 

369 

464 

465 

Requl rements 

PNF 

K18161-302A 

100 

^ 

PNF 

K18352 

— 

100 

97,5 

EPDM 

— 

— 

2.5 

FEF  Black 

30 

30 

30 

"tg  Oxide 

6 

6 

6 

Jtabilizer 

2 

2 

2 

/ulcup  R 

.4 

— 

/ulcup  40KE 

— 

. 7 

.7 

>ured  at  320°F 

35' 

60' 

60’ 

Tube 

Jacket 

'riginal  Properties 

Tensile  Str. 

PSl 

940 

870 

860 

1500mlnl500min 

Elongation 

% 

150 

170 

180 

150min 

150min 

Hardness 

Sho  re  A 

60 

58 

58 

— 

— 

100%  Modulus 

PSi 

610 

350 

400 

— 

— 

od.  of  Rigidity, 

"G",PSi 

71 

81 

105 

— 

— 

fter  Immersion 

in  Distilled  Water 

14  Days  at 

I6OOF 

Tensile  Ret, 

% 

70. 

87 

94 

80mln 

80min 

Elong. Ret. 

% 

93. 

97 

103 

80mln 

8Cmln 

Hardness  Ch. 

Points 

0 

+2 

+2 

- — 

— 

Volume  Swell 

% 

9 

9 

8 

15max 

15  max 

100%  Mod  Ret 

% 

77 

113 

83 

— 

— — — 

ifter  Immersion 

in  Distilled  Water 

42  Days  at 

160°F 

Tensile  Ret. 

% 

63(1) 

72 

97 

60min 

60min 

i 

Elong.  Ret. 

% 

100 

94 

79 

60mln 

60min 

1 

Hardness  Ch. 

Points 

-5(1) 

0 

+2 

— 

— 

1 

Volume  Swell 

% 

15(1) 

581“' 

15 

13 

20max 

20max 

1 

100%  Mod. Ret. 

% 

99 

89 

— 

— 

fter  Immersion 

in  Type  II  Fluid  of 
% 

TT-S-735 

for  94  Hrs 

at  73°F 

Tensile  Ret. 

58 

56 

55 

60  min 

60mln 

Elong  Ret 

% 

93 

85 

83 

85mln 

80  min 

Hardness  Ch 

Po Ints 

-13 

0 

-6 

— 

— 

. ' 

Volume  Swell 

% 

22 

26 

33 

40max 

70max 

100%  Mod  Ret 

% 

5- 

60 

59 

— 

— 

TABLE  I (Cent.) 


Formulations 

and  Test 

Results  of 

Firestone  Arctic 

Fuel  Hose 

Compounds 

V 

# 

Polymer 

R197 

R199-465 

R199- 

Hose  ; 

PD 

I.D. 

369 

464 

465 

Requirements 

After  7 Days  at  -70°F 

Ten. Rec. 

% 

40 

43 

39 

20min 

20mir. 

Comp,  set 

% 

66.1 

60 

63 

— 

— 

TSR 

% 

4.9 

3.2 

5.2 

Smax 

5max 

C 

r-  » 

347 

257 

543 

— 

- — 

After  7 days  at  -40°F 

Ten. Rec. 

% 

73 

60 

60 

— 

— 

Comp  Set 

% 

54 

42 

43 

— 

— 

TSR 

— 

2,1 

2.1 

2.7 

— - 

— 

C 

PSi 

146 

168 

283 

— 

— 

ilxl  stent  Gum 

Unwashed  mg/lOOOml 

4 

20 

— 

Washed  mg/lOOOmI 

2 

5 

— 
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